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ABSTRACT
The Lower Mississippi River Physical Model (LMRPM) is a distorted, movable-bed physical
model that replicates the hydraulics and bedload (sand) transport of the lower 195 miles of the
Mississippi River. One year of flow and sediment transport on the prototype can be modeled in
approximately one hour. With the ability to simulate long periods of time on the Lower
Mississippi River in such a short time frame, the model can provide unique insight into subjects
such as the potential effects from relative sea level rise on the lower river’s hydraulics and
sediment transport. Quantifying discharge on the LMRPM is an important step in understanding
these mechanics. This research involves a series of experiments on the model in which the OSSPC1 Miniature Current Meter was evaluated for its ability to measure velocity that could then be
used to calculate discharge. First, dye tests were performed to ensure the presence of the current
meter was not causing significant flow separation at the point of measurement. Then, constant
discharges were run without sediment on the model to determine the optimal measurement time
interval for the current meter and variation in velocity when the meter was moved vertically and
horizontally within several cross-sections throughout the channel. Next, surface velocities were
measured and compared to the measured current meter velocities. Then, a series of historical
hydrographs were run with sediment on the model to quantify the variation in velocity with
respect to headbox discharge during a typical experiment on the LMRPM. Finally, velocity
measurements along with calculated cross-sectional areas were used to calculate discharge with
the continuity equation. Results showed that the current meter measured point velocities
approximately equal to surface velocities which were typically much higher than cross-sectional
average velocities. In addition to this, results indicated that due to the mobile bed, during the
same headbox flows there were significant differences in measured velocities at most locations,
and as a result, a large range in calculated discharge. Therefore, while the methods used in this
research are not sufficient for studying processes such as overbank flow, they can potentially be
used for quickly measuring surface velocities on the model. With some suggested improvements
to these methods as well as the addition of a second current meter or a combination of the current
meter and surface velocity tests, results would likely yield much smaller deviations in velocity
and more accurate discharge calculations.

x

CHAPTER 1. INTRODUCTION
The Lower Mississippi River Physical Model (LMRPM) is a 10,000 square foot
movable-bed physical model that replicates the hydraulics and bedload (sand) transport of the
lower 195 miles of the Mississippi River (Figure 1). The model was designed with Froude
similitude and has a horizontal to vertical ratio of 6,000 to 400, giving it an overall distortion
level of 15. With a sediment time scale of 1:6600 and a hydraulic time scale of 1:300, one year
on the Mississippi River is modeled in approximately one hour. With the use of historical
hydrographs and sediment discharge data collected by the United States Army Corps of
Engineers, long periods of time on the Mississippi River can be simulated on the model in a
relatively short time frame. This provides the opportunity to study the effects from long term
phenomena on the lower river such as impacts from relative sea level rise on river hydraulics and
sediment (sand) transport. Understanding as well as quantifying how much the lower Mississippi
River will be impacted by climate change is a crucial step toward being prepared for the future.
The Port of South Louisiana is the largest port in the western hemisphere (by tonnage), with five
hundred million tons of shipped goods traveling through it each year (NPS, 2018). Shipping at
the lower end of the Mississippi includes many different products such as petroleum, grain,
paper, coffee, chemicals, and coal. The Mississippi River barge port system is an indispensable
asset for national trade and being prepared for potential changes in maintenance (e.g., dredging
practices) in light of climate change is crucial.

Figure 1. The Lower Mississippi River Physical Model.
It is a 10,000 sq ft model of the lower 195 miles of the Mississippi River that replicates the
hydraulics and bedload (sand) transport of the river using Froude similitude.
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As relative sea level increases in the Gulf of Mexico, the backwater effect is expected to
have greater impact on the lowermost portion of the river. Higher sea levels result in higher river
stages which reduces the average velocity in two main ways: 1. As the cross-sectional area
increases, average velocity must decrease in order to conserve mass (Q = VA), and 2. As
overbank flow increases, downstream discharge (and therefore velocity) decreases. An increase
in relative sea level not only has major implications for the Lowermost Mississippi River
hydraulics, but also for its sediment transport. With a reduction in energy slope (water surface
slope), stream power will be reduced. This decrease in velocity and stream power will cause
sediment to fall out of suspension farther upstream. Understanding these impacts in a specific
way such as changes to sediment deposition patterns and quantities of overbank flow in the river
is a complex task. Because sediment transport is so deeply intertwined with the hydraulics of the
river, having a comprehensive understanding of both is necessary in order to answer questions
such as those posed above.
An important part of understanding river hydraulics is being able to quantify discharge.
The magnitude of discharge flowing through the channel and the portion of this discharge that
leaves the channel via overbank flows or distributaries needs to be quantified. This is most
commonly done by using the cross-sectional area and average velocity at points along the
channel to calculate discharge and then implementing a mass balance approach to quantify how
much discharge leaves the channel between two points. While evaluating cross-sectional area is
relatively easy with recent advancements in bathymetric LiDAR technology, obtaining consistent
velocity measurements in an area like the Lowermost Mississippi River can pose a unique
challenge.
Cross-sectional area of the channel is constantly changing due to a lack of levees
(downstream of Bohemia on the east bank and downstream of Venice on the west bank), absence
of permanent banks, and constant flux of fine sediment. This complex geomorphology makes it
difficult to take frequent long-term measurements of flow and sediment discharge. Thus, it is in
the inherent geomorphological complexity of the region that not only makes it challenging to
understand the Lower Mississippi River hydraulics and sediment transport but also makes it
challenging to collect long-term data that would aid in this understanding. The use of physical
and numerical models can help fill many of these gaps to achieve a more comprehensive
understanding of the river’s mechanics. Coupling historical data with data collected on the
LMRPM has the potential to create a more complete picture of the lower river as well as provide
the opportunity to study things like the long-term effects from relative sea level rise on river
hydraulics and sediment transport. While the LMRPM can replicate the hydraulics and bulk sand
transport of the lower Mississippi River, determining an efficient way to measure velocity, and
thus calculate discharge, at different cross-sections on the model has yet to be done. This thesis is
a summary of research involving the use of a current meter to measure velocity on the physical
model in an attempt to quantify discharge.
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1.1. Objective and Approach
The objective of this thesis is to evaluate the OSS-PC1 miniature current meter’s ability
to measure velocity on the LMRPM with the goal of using these measurements to calculate
discharge. First, ultraviolet dye tests were conducted to ensure the placement of the current meter
inside the channel did not cause any significant flow separation (e.g., water flowing around the
current meter or being funneled through it). Then, steady state simulations were run without the
addition of sediment on the model to determine the best measurement time interval and to
analyze the sensitivity of the current meter by quantifying the variation in velocity with respect
to depth and position across the cross-section. Finally, velocity was measured during an
experiment on the model that consisted of 50 historical years of discharge and sediment transport
while operating the proposed Mid Barataria Sediment Diversion. These data were used to
quantify the variation in velocity measurements with respect to headbox discharge during a
typical experiment on the model in order to evaluate the ability of the current meter to calculate
model discharges.
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CHAPTER 2. LITERATURE REVIEW
2.1. The Lower Mississippi River
The Lower Mississippi River, the most heavily traveled segment, spans approximately
1,000 miles from the confluence of the Ohio River and Upper Mississippi River at Cairo, Illinois
to the Gulf of Mexico. In contrast to the rest of the river, the Lower Mississippi does not contain
any dams but is heavily controlled by levees and dikes. The Lowermost Mississippi River spans
from the Gulf of Mexico to approximately 325 miles upstream of Head of Passes. The Lower
Mississippi River Physical Model (LMRPM) implemented in this thesis, spans from
approximately River Mile (RM) 195 to the Gulf of Mexico. This stretch includes the Bonnet
Carré Spillway, multiple proposed freshwater diversions, and the proposed Mid Breton and Mid
Barataria sediment diversions. The focus of this research is on the Lowermost Mississippi River
and even more specifically the lower 195 miles that are contained within the LMRPM. The
LMRPM has a fully functioning Bonnet Carré Spillway and pre-routed diversions for the Mid
Breton and Mid Barataria Sediment Diversions. Simultaneous with this research was the
development of operation procedures for the Mid Barataria Sediment Diversion on the model. In
fact, a portion of the data involved in this research was collected during a 50-year experiment
involving the operation of this diversion.

2.1.1. Hydraulics
The Mississippi River, which drains approximately 41% of the conterminous United
States, has the seventh largest water discharge and suspended sediment load of rivers across the
world (Milliman and Meade, 1983; Meade, 1996). Many monitoring stations are permanently
positioned throughout the river to continuously study discharge and sediment transport.
However, lowermost measurements end either at Tarbert Landing (306 RM above Head of
Passes) or St. Francisville (266 RM above Head of Passes), leaving the water and sediment
budgets for the reaches below these stations poorly quantified (Allison et al., 2012) (Figure 2).
Because the focus of this research is on the Lowermost Mississippi River that is encompassed by
the LMRPM, the following analysis will be limited to the segment of the river below RM 195
(Donaldsonville, LA).
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Figure 2. Tarbert Landing and St. Francisville.
These locations are where permanent monitoring stations on the Mississippi River end.
Discharge and sediment data downstream of these locations is much sparser.
Source: Google Maps, 2021.

Large seasonal and interannual variability characterizes the Mississippi hydrograph, with
high discharge (> 1 mil cfs) below Old River Control typically occurring between January and
May and frequently with individual peaks lasting 1-2 weeks (Mossa, 1996). During the highwater months, average discharge is typically three times as large as the discharge during low
water months (Meade, 1995). During low discharge (September-November), tides penetrate
approximately 200 km into the river and penetrate as little as 50 km during high discharge
(January-May).
Reflecting the prototype, levees on the LMRPM extend to Bohemia (RM 45) on the east
bank, and to Venice (RM 11) on the west bank (Figure 3). Approaching the Gulf of Mexico,
levee heights decrease reflecting a decreased range in river stage between high and low discharge
as the river meets the outlet. USACE has recorded historic stage extremes at Red River Landing
and Venice of 0.91 and 18.1 m NGVD, and -0.2 and 2.8 m NGVD, respectively. Downstream of
Baton Rouge (RM 231), levees are typically only within 1 km of the channel in contrast to levees
upstream of Baton Rouge that are typically set back 10-20 km (allowing for significant overbank
water storage during floods). Downstream, narrow strips of vegetation (i.e., batture) exist within
the levees that flood during high discharges (Allison et al., 2012).
5

Flood control is coordinated by a series of discharge limits gauged at Red River Landing
(RM 302). The Old River Control Structure (RM 316-311) is used daily to divert water from the
Mississippi River to the Atchafalaya River so long as a specific target discharge is maintained.
When discharge at Red River Landing (below Old River Control) exceeds 1.25 million cfs, water
is diverted through Bonnet Carré Spillway (max discharge = 250,000 cfs) into Lake
Pontchartrain. Discharges at Red River Landing above 1.5 million cfs are accommodated by
diverting water through the Morganza Spillway and West Atchafalaya Floodway (upriver of
Baton Rouge), which passes into the Atchafalaya Basin. Downstream of the Bonnet Carré
Spillway, overbank flow occurs at Bohemia Spillway and further downstream additional
discharge is lost through many manmade and natural cuts in the river (e.g., Ostrica, Ft St Philip,
and West Bay).
Discharge through the lower passes (i.e., Bohemia to the Gulf of Mexico) has been
documented in several studies (Allison et al., 2012; USACE, 2013). In Allison et al.’s study
involving the analysis of three flood years (2008-2011), it was documented that below Belle
Chasse, approximately 44.8% of discharge is lost through natural and manmade cuts above Head
of Passes (e.g., Bohemia Spillway, Ostrica, Fort St. Philip) (Figure 4). Below Head of Passes,
South West Pass carries approximately 64% of the remaining discharge (Allison et al., 2012).
The United States Army Corps of Engineers (USACE) analyzed historic discharge data from
1960-1998 as part of a study on the West Bay Diversion (2013). Using the discharge at Venice as
a reference point, they found that discharge through Baptiste Collette and Grand Pass is
approximately 10-12% of the main channel discharge at Venice while the discharge at Cubits
Gap and West Bay is also approximately 10-12% of the discharge at Venice. South Pass and
Pass-a-Loutre have similar discharge percentages of approximately 12% and South West Pass,
the main distributary for the Mississippi River, carries approximately 35-40% of the main
channel discharge (USACE, 2013). Quantifying the discharge of the Lower Mississippi River is
not only important for understanding related topics such as sediment transport in the river, but it
is also a crucial step in predicting the effects on the Lower Mississippi River caused by the
anticipated increase in relative sea level rise. Understanding the impacts on hydraulics and
sediment transport is critical in order to be prepared for future challenges in navigation and the
Louisiana coast.
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Figure 3. On the Lowermost Mississippi River, the east bank levee ends at Bohemia.
This results in overbank flow all the way down to the lower passes during high discharge. The
west bank levee ends at Venice. Significant discharge leaves the main channel through the lower
passes, with the majority exiting via South West Pass.
Source: Google Maps, 2021.
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Figure 4. This picture was taken during the 50 Year Mid Barataria Experiment.
It shows some of the Lowermost Mississippi River locations where discharge exits from the
main channel. The east bank levee ends at Bohemia while the west bank levee continues until
Venice (not pictured). Overbank flow occurs at Bohemia Spillway, Port Sulphur, and Fort St.
Philip. Natural and manmade cuts in the bank at Ostrica allow discharge loss as well. The
diversion in the picture is a pre-routed non-operational diversion on the LMRPM which is sealed
from the main channel (although a small fraction of sediment spilled into it during high
discharges). The white bars are reflections from the overhead lights.

Estimating the discharge that occurs through overbank flow (e.g., Bohemia Spillway)
presents a difficult challenge, and there has been increased interest in this topic in recent years,
especially with respect to how overbank discharge and downstream discharge change with
respect to higher sea levels. Generally, the hydraulic radius is used to estimate discharge in open
channels with regular sectional shape and hydraulic roughness; however, due to the irregularity
of cross-sections that experience overbank flow, this method leads to large errors in discharge
calculations and therefore is no longer appropriate (mainly due to the lack of consideration of
appreciable shear force occurring at the main channel-floodplain interface). A good example of
this phenomenon is a compound cross-section that consists of a deep main channel and shallow
floodplain. At the point of transition between main channel and floodplain, there is a sudden
change in depth as well as an increase in hydraulic roughness. These combined effects lead to a
significantly higher main channel velocity than those occurring in the floodplain. This velocity
gradient results in a lateral mass and momentum transfer mechanism which can greatly reduce
the channel discharge capacity (Hin et al., 2008) (Figure 5).
Sellin (1964) was the first to investigate this phenomenon, and later Zheleznyakov (1965;
1971) confirmed this phenomenon and termed it the “kinematic effect.” Through a series of lab
experiments, Zheleznyakov showed the effects of the mechanism in decreasing the overall rate of
discharge for floodplain depths just above bankfull. As the depth of the floodplain increased, the
importance of the phenomenon decreased (Hin et al., 2008). Myers and Brennan (1990)
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discovered that this mechanism decreases channel velocity and discharge and, in contrast,
increases these respective parameters on the floodplain. Perhaps the most notable feature of this
phenomenon is the discontinuity at bankfull depth, where a reduction in discharge is seen as
depth rises just above bankfull. If depth continues to increase, the floodplain discharge and flow
velocity increase rapidly until the main channel and floodplain are approximately equal in
carrying capacity. This equalization results in a decrease in momentum transfer between the main
channel and floodplain and may lead to a reversal in the direction of momentum transfer at larger
depths (Hin et al., 2008).

Figure 5. Mechanisms involved in overbank flow in a straight compound channel.
Note the series of vortices in the mixing zone that are responsible for the transport of sediment
fractions from the deep channel of the river onto the floodplain during times of flooding.
Source: Shiono and Knight, 1991.

Discharge over Bohemia Spillway occurs when the stage at Carrollton exceeds 12.5 ft.
During the 50 Year Mid Barataria Experiment on the LMRPM, it was observed that overbank
flow at Bohemia occurred when the discharge at the headbox (Donaldsonville) exceeded 600700 thousand prototype cfs. In the Bohemia Report (2013), historical discharge rates through
9

Bohemia Spillway were used to predict the total overbank flow from 1926-2013. These results
showed that the average daily overbank flow during this period was typically below 50,000 cfs
and during historic flood events reached as high as 300,000 cfs (1927 flood). Furthermore,
discharge has only exceeded 50,000 cfs about once a decade since the 1960’s and it is unlikely
that discharge through Bohemia Spillway will exceed 75,000 cfs in the future (Bohemia Report,
2013).

2.1.2. The backwater effect
The most notable change in the hydraulics of the Lower Mississippi River is due to the
backwater effect from the Gulf of Mexico (GoM). When a river approaches its outlet, the
channel deepens and water velocity decreases, defining the backwater segment. In low sloping
rivers such as the Mississippi River (S ≤ 10-5), the backwater segment can extend for hundreds of
miles upstream (GoM to River Mile 404) (Nittrouer et al. 2012). Lane (1957) was the first to
discover this hydraulic phenomenon in rivers approaching the Gulf of Mexico and Great Lakes
receiving basins. Lane created channel-bed and water-surface profiles that show behavior during
low- and high-water discharges (i.e., “M1” and “M2”, respectively). He determined that during
low discharge, cross-sectional flow area increases as it progresses to the outlet, while the
opposite occurs during high discharge due to the fixed elevation of the receiving basin forcing
stage variability to diminish downstream. Based on this phenomenon, he concluded that
assuming discharge continuity, flow velocity varies over space depending on water discharge
(i.e., water velocity decreases progressing downstream during low discharge, and velocity
increases progressing downstream during high discharge). Lane’s shrewd characterizations of
backwater flow dynamics have since been physically derived and are now frequently used in
engineering applications (Nittrouer et al, 2013).
These complex hydraulics in the backwater segment play a critical role in sediment
transport, physically shaping the coastal zone of a river. This transition from normal flow to
gradually varying backwater flow changes the timing and magnitude of bed load transport and its
delivery to the GoM (Nittrouer et al. 2012). In fact, this characteristic backwater segment is
generally considered the beginning of a river’s delta (Parker, 2004; Jerolmack & Swenson, 2007)
because, by definition, this is the point at which the receiving basin begins to influence fluvial
hydrodynamics thus creating time and space divergences in sediment transport (Paola & Voller,
2005). These divergences eventually cause delta sedimentation and stratigraphy, influence
formation and channel avulsions that create new distributary channels and therefore the location
of river-ocean depocenters (Jerolmack, 2009), as well as determine the lateral mobility of river
channels near the receiving basin (Nittrouer et al., 2012a; Nittrouer et al., 2013). As relative sea
level increases over the next several decades, it is expected to increase the backwater effect and
thus impact the hydraulics and sediment transport in the Lowermost Mississippi River.
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2.1.3. Backwater hydrodynamics and sediment transport
The backwater segment of the Mississippi River, which includes the final approximate
404 miles upstream of Head of Passes (i.e., the modern outlet), is where the channel bed
elevation matches the mean sea level of the Gulf of Mexico; in contrast to upstream, where the
water surface slope is independent of water discharge and subequal (i.e., approximately but not
exactly equal) to the channel-bed slope (Figure 6). In the backwater segment, the water surface
asymptotically approaches the elevation of the Gulf of Mexico. As stated previously, the
backwater conditions have a major influence on the hydrodynamic properties of the Lowermost
Mississippi River (Nittrouer et al., 2011a, 2012a) and thus also influence the sediment transport
in the lower river.

Figure 6. Illustration of gradually varying open-channel flow.
This defines the backwater condition where S0 is the channel-bed slope, Sw is the water-surface
slope, Sf is the energy-grade slope, Y is the total energy grade, ƞ is the channel-bed elevation, H
is the flow depth, U is flow velocity (ms-1), α = 1.15-1.5 (an energy coefficient), and g is
gravitational acceleration. Source: Nittrouer et al., 2012a.

During low discharge, the decrease in flow velocity significantly reduces sediment
transport capacity. During high discharge, velocity increases and in turn increases the sediment
transport capacity considerably. These conditions create important temporal changes in sediment
transport, where bedform sediment flux (i.e., the component of sediment associated with
downstream migration of bedforms) differs by two orders of magnitude from low to high water
discharge (Nittrouer et al., 2011a). This incredible range is only possible in the backwater
segment where there is an absence of normal flow conditions and results in a significant
temporal range for boundary shear stress and sediment transport capacity. Thus, the Lowermost
Mississippi River is characterized by “all or nothing”, or “punctuated”, sediment transport
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whereby during low and moderate discharge, sediment flux is extremely minimal, and only
during high discharge is sediment flux strong enough throughout the backwater segment to
deliver sediment to the Mississippi River delta (Nittrouer et al., 2011a).
Understanding these impacts on hydrodynamics and sediment transport from the
backwater effect is an important step to understanding how the river system can be efficiently
engineered to deliver sediment to adjacent wetlands. For over a century, the Mississippi River
has been controlled in such a way as to deliver water and sediment directly to the Gulf of Mexico
with little interaction with the deltaic landscape. This has resulted in significant rates of land loss
in Coastal Louisiana and has forced a new question: what is the best way to restore the supply of
river sediment to adjacent wetlands without sacrificing the large amount of human infrastructure
that has been built around the river and while preserving the important navigation channel that
the river provides (Nittrouer et al., 2013)? Understanding the impacts on river hydraulics and
sediment transport caused by the backwater effect, as well as the anticipated increase in relative
sea level rise, is crucial in order to predict the effectiveness of proposed solutions such as
sediment diversions. The goal of this thesis research is to determine the effectiveness of using a
current meter to measure discharge on the Lower Mississippi River Physical Model with the idea
of using these measurements to learn about potential impacts to the lower river such as those
posed above.

2.2. Physical Modeling

Physical modeling of hydraulic structures and systems (e.g., dams, rivers) usually
consists of a smaller size representation of the prototype (i.e., full-size structure). Boundary
conditions (e.g., roughness, slope) and upstream flow conditions must be scaled in a way such
that the hydraulics of the model mimics the hydraulics of the prototype, just at a smaller (or in
some cases, larger) scale. In hydraulic modeling, flow conditions of the model and prototype are
considered similar if the model displays geometric similarity (similarity of form), kinematic
similarity (similarity of motion), and dynamic similarity (similarity of forces) (Chanson, 1999).

2.2.1. Geometric, kinematic, and dynamic similitude
Geometric similarity is achieved when the ratios of prototype characteristic length to
model length are equivalent:
𝑳𝒓 =

𝒍𝒑
𝒅𝒑
𝑯𝒑
=
=
𝒍𝒎 𝒅𝒎 𝑯𝒎
(2.1.)
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Where the variables L, l, d, and H refer to the length ratio, length, depth, and height respectively,
and the subscripts p, m, and r refer to the prototype parameter, model parameter, and ratio of
prototype-to-model parameter, respectively. Geometric similitude includes length, area, and
volume.
Kinematic similitude is achieved when the ratios of prototype characteristic velocities to
model velocities are equivalent:
𝑽𝒓 =

𝑽𝒑
(𝑽𝟏 )𝒑
(𝑽𝟐 )𝒑
=
=
𝑽𝒎 (𝑽𝟏 )𝒎 (𝑽𝟐 )𝒎
(2.2.)

Where the variable V refers to velocity. Dynamic similitude is achieved when the ratios of
prototype forces to model forces are equal:
𝑭𝒓 =

𝑭𝟏 𝒑
𝑭𝟏 𝒎

=

𝑭𝟐 𝒑
𝑭𝟐 𝒎
(2.3.)

Where F refers to force. Parameters such as work and power are also involved in dynamic
similitude (Chanson, 1999).

2.2.2. Dynamic similarity
Geometrically similar models have been most frequently used in the past. In
geometrically similar models, every dimensionless parameter must have the same value in both
model and prototype in order to achieve true dynamic similarity:

𝑭𝒓𝒑 = 𝑭𝒓𝒎 ;

𝑬𝒖𝒑 = 𝑬𝒖𝒎 ;

𝑹𝒆𝒑 = 𝑹𝒆𝒎 ;

𝑾𝒆𝒑 = 𝑾𝒆𝒎 ;

𝑴𝒂𝒑 = 𝑴𝒂𝒎

Where Fr represents the Froude number (i.e., ratio of the inertial force to gravity force), Eu
represents Euler’s number (i.e., ratio of the inertial force to pressure force), Re represents the
Reynolds number (i.e., ratio of the inertial force to viscous force), We represents the Weber
number (i.e., ratio of the inertial force to capillary force), and Ma represents the Sarrau-Mach
number (i.e., ratio of the inertial force to elasticity force). When one or more of these terms has a
different value between the model and prototype, scale effects exist.
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Because most models involve using the same fluid (i.e., air, water) as the prototype,
scale effects are present. This is because the Froude, Reynolds and Weber number scaling criteria
cannot be simultaneously satisfied, as the Froude number similarity requires 𝑽𝒓 = √𝑳𝒓, the
Reynolds number scaling implies that 𝑽𝒓 = 𝟏/𝑳𝒓 and the Weber number similarity requires 𝑽𝒓 =
𝟏/√𝑳𝒓 . Typically, the dominant mechanism is modelled in hydraulic models. In fully enclosed
flows (i.e., pipe flows), models use Reynold’s number scaling because pressure losses are related
to the Reynolds number Re. In free surface flows (i.e., open channels), Froude number scaling is
used because gravity effects are dominant (Chanson, 1999).

2.2.3. Distorted models
A distorted model is a physical model that has a different geometric scale in each main
direction. Most river models are designed with larger horizontal scaling ratios. For example, a
river model with a horizontal scale of 2000:1 makes it possible to model a significant portion of
the prototype in a reasonably sized facility (Hughes & Pizzo, 2003). However, if the vertical
scale was also 2000:1, then a prototype depth of about 6 m would imply a model depth of about
3 mm. With such a small flow depth, surface tension and viscous effects would become
significant. Therefore, distorted river models are typically designed with a larger horizontal than
vertical scale. However, distorted models do come with certain disadvantages. Namely, scale
effects are present due to a lack of turbulence similitude between the model and prototype. In
river models where the prototype is strongly influenced by turbulence, such as the Mississippi
River, the influence of scale effects on model results must be determined to ensure proper
modeling of hydrodynamic processes like hydraulic jumps and regions of flow separation.

2.2.4. Movable-bed models
Movable-bed hydraulic models are some of the most difficult types of models due to
having to scale the sediment movement as well as the fluid motion. In addition to this, there is
the challenge of the bed roughness being a function of the bed geometry and the sediment
transport. However, movable-bed physical models are required to model a system that includes a
significant level of sediment transport such as river models and can provide many insights on the
subject.
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2.2.5. The Lower Mississippi River Physical Model
The Lower Mississippi River Physical Model (LMRPM) is a distorted movable-bed
physical model of the lower 195 miles of the Mississippi River (Figure 7). It is approximately
10,000 sq ft and encompasses roughly 14,000 sq mi of coastal Louisiana including Terrebonne,
Barataria, Breton Sound, and Pontchartrain Basins. The model replicates the hydraulics and bulk
non-cohesive sediment transport of the lower river from Donaldsonville (RM 195) to the Gulf of
Mexico. The test bed of the model (120’ x 90’) was constructed by Alden Research Laboratory,
Inc. using 5” - 12” thick 5’ x 10’ foam panels. These panels were routed using a CNC router with
the use of Lidar and bathymetry data to represent the topography of the land and dimensions of
the river channel. These panels rest on a system of beams and adjustable jacks.

Figure 7. Pictured is approximately half of the LMRPM.
In this image the channel extends from New Orleans (top left corner) to the bird’s foot in the
Gulf of Mexico. This picture was taken during the 50 Year Mid Barataria Experiment. The white
bars are reflections from overhead lights.

Before an experiment, the model is filled with water to the desired sea level and the
channel is prepared with sediment. Several artificial and historical hydrographs are run to set the
initial conditions (i.e., stages and bed elevations) by pumping water onto the model through the
headbox and injecting sediment through a peristaltic pump (Figure 8), both of which are
controlled by the system-design platform LabVIEW. Throughout each run, ultrasonic water level
sensors measure river stage and sea level in the Gulf of Mexico, many of which are placed in the
same locations as actual gages on the Mississippi River (Figure 9 and Figure 10). After the initial
conditions are set, historical hydrographs from the United States Army Corps of Engineers are
used to simulate prototype conditions on the model, but in a shorter time frame. The LMRPM
can provide insight into many things such as the effects from relative sea level rise and the
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operation of sediment diversions on the hydraulics and bedload sand sediment transport in the
Lower Mississippi River.

Figure 8. Water is pumped onto the model at a specific discharge through the headbox.
Sediment is injected at a specific concentration directly into the channel through one or two
peristaltic pumps.

Figure 9. Ultrasonic water level sensors measure river stage throughout the channel.
These sensors are also located throughout the Gulf of Mexico to measure sea level.
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Figure 10. The LMRPM spans from Donaldsonville to the Gulf of Mexico.
The model encompasses 14,000 sq mi of the Louisiana Coast (pictured is a rough approximation
of the model area). The red circles indicate acoustic sensor locations that measure water surface
elevation. The green lines are the cross-section locations where velocity measurements were
taken. Following are the acoustic sensor locations: 1) Donaldsonville, 2) Reserve,
3) Bayou Manchac, 4) Upstream Bonnet Carré and Bonnet Carré (two sensors), 5) Pass Manchac,
6) Bayou Lafourche, 7) Carrollton, 8) Harvey Locks, 9) IHNC Locks, 10) Algiers Locks, 11)
Alliance, 12) West Point A La Hache, 13) Empire Locks, 14) Venice, 15) West Bay Diversion,
16) Head of Passes, 17) South West Pass, 18) South Pass, 19) Gulf Near South West Pass, 20)
Grand Isle, 21) Gulf Near Breton Sound, 22) East of Breton Sound, 23) Mississippi Sound, 24)
Rigolets Pass, 25) St. Rose, 26) Mid Breton and Lower Breton (two sensors), 27) Mid-Barataria
and Lower Barataria (two sensors). Note: This is an updated map of sensors including 7 new
sensors that were not used in this study.

The LMRPM includes all existing along with many proposed freshwater/sediment
diversions and spillways on the prototype. This includes Bonnet Carré Spillway (Figure 11) and
the proposed Mid Barataria Sediment Diversion, which was calibrated simultaneously with this
thesis research (Figure 12 and Figure 13).
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Figure 11. The Bonnet Carré Spillway on the LMRPM.
This model-scale diversion has three sluice gates that open to divert the same percentage of
water diverted during historical openings. This picture was taken while the midstream and
downstream gates were open. Water is diverted into Lake Pontchartrain to lower downstream
river stage which prevents flooding around New Orleans. In the photo, water flows from left to
right.

Figure 12. The outlet of the Mid Barataria Sediment Diversion on the LMRPM.
This sediment diversion is intended to divert sediment into Barataria Bay during high flows to
help combat land loss in the area. This picture was taken during the 50 Year Mid Barataria
Experiment, in which operation procedures for the diversion were designed. The white bars are a
reflection of the overhead lights. In the photo, water flows from left to right.
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Figure 13. The inlet of the Mid Barataria Sediment Diversion.
Water and sediment flow through a single sluice gate which regulates the volume passing
through it. The percentage of gate opening changes with respect to river stage and discharge to
divert a specific volume of sediment into Barataria Bay. This picture was taken during the 50
Year Mid Barataria Experiment. The purple light in the photo is from a UV light used during
surface velocity tests. Water flows from right to left in the photo.

The LMRPM was designed using Froude similitude and with three constraints in mind:
the size of the prototype domain to be studied, the available lab space, and a minimum model
Reynolds number for turbulent conditions (i.e., Rem > 2000 for turbulent conditions and Rem >
10,000 for fully turbulent conditions). Ultimately, a horizontal to vertical scale of 6,000 to 400
was chosen. This scale affords an appropriate model size and also ensures a high enough
Reynolds number for sediment transport at required discharges (e.g., medium and high). These
dimensions give the model a distortion level of 15, which is higher than the minimum
recommended distortion by Julien (2002), Chanson (2004), and Shen (2012) for rational
methods; thus, scale effects are present.
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The LMRPM uses Froude similitude while relaxing Reynolds number similitude, which
is possible because turbulent and laminar channels are governed by the same dynamics using the
same dimensionless equations (Green, 2014; Graveleau et al., 2011). The equations for the
velocity ratio and water discharge ratio for the model are given respectively by:

𝑽𝒓 =

𝑽𝑴
𝟏
𝟏
= √𝒛𝒓 = √
=
𝑽𝑷
𝟒𝟎𝟎 𝟐𝟎
(2.4.)

and

𝑸𝒓 =

𝑸𝑴
𝟏 𝟑/𝟐
𝟏
𝟏
) ∗
= 𝒛𝒓 𝟑/𝟐 𝒙𝒓 = (
=
𝑸𝑷
𝟒𝟎𝟎
𝟔𝟎𝟎𝟎 𝟒𝟖, 𝟎𝟎𝟎, 𝟎𝟎𝟎
(2.5.)

Where,
VP = Prototype model velocity
VM = Physical model velocity
QP = Prototype model discharge
QM = Physical model discharge
Vr = Velocity scale ratio
Qr = Discharge scale ratio
zr = Vertical scale ratio
xr = Horizontal scale ratio

Thus, the model velocity and model discharge ratios are 1:20 and 1:48,000,000, respectively.
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The model sediment was chosen based on the similarity of the critical particle Reynolds
number (i.e., critical shear velocity) and the critical Shields parameter (i.e., incipient motion). By
setting these parameters equal, the size of the model sediment was scaled as a function of the
prototype diameter and the specific gravity ratio (Hooper, 2019):

(𝑹𝒆𝒄∗ )𝒓 =

(𝒖∗ )𝒓 𝒅𝒓
𝒗
(2.6.)

(𝒖∗ )𝒓 𝟐
(𝝉𝒄∗ )𝒓 =
𝒈(𝑺𝒓 − 𝟏)𝒅𝒓
(2.7.)

𝒅𝒎 = 𝟑. 𝟐𝒅𝒑
(2.8.)
Where,
(𝒖∗ )𝒓 = shear velocity ratio
𝒅𝒓 = particle diameter ratio
𝒗 = kinematic viscosity

Ground, unexpanded polystyrene, a widely used material for lightweight sediment in
physical modeling, was chosen for the model sediment material (Frostick et al., 2011). The
model sediment has a specific gravity of 1.05 g/cm3 compared to the prototype sand, which has a
specific gravity of 2.65 g/cm3. Representative particle diameters can be found in Table 1.

Table 1. Design Characteristic Particle Sizes for both Prototype and Model
Type

D10 (mm)

D50 (mm)

D90 (mm)

Prototype (Mississippi)

0.08

0.12-0.14

0.25

Model

0.25

0.40-0.45

0.80

Source: BCG Engineering & Consulting, Inc., 2015
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There are two dominant time scales on the LMRPM: the hydraulic time scale (𝑇𝑟 ) and the
sediment time scale (𝑇𝑠𝑟 ). The hydraulic time scale ratio involves the fluid transport and was
based on Froude similitude:

𝑻𝒓 =

𝒙𝒓
√𝒛𝒓
(2.9.)

Equation 2.9 yields a resultant hydraulic time scale of 300. The sediment time scale involves the
sediment transport and was initially approximated by SOGREAH Consultants (2004). This initial
approximation was based on a similarity law that was a result of a study on the Seine Estuary and
is a function of the hydraulic time scale and the sediment specific gravity ratio:

𝑻𝒔𝒓 = 𝑻𝒓 (𝜸𝒔 − 𝟏)𝒓
(2.10.)
Equation 2.10 results in a sediment time scale of 9900. Hooper (2019), through a series of flume
experiments with model sediment, determined an improved sediment time scale (i.e., 6600) that
better captured prototype bathymetry in a shorter amount of time. Thus, the resultant hydraulic
time scale and sediment time scale for the LMRPM are 𝑇𝑟 = 300 and 𝑇𝑠𝑟 = 6600 respectively,
with the sediment time scale being dominant (BCG Engineering & Consulting, Inc., 2015;
Hooper, 2019).

2.2.6. Scale effects
Scale effects are the distortions that occur when one or more of the dimensionless
parameters (i.e., Reynolds number, Froude number, Euler number, etc.) between the model and
prototype are not met. These effects are often small but not always negligible (Chanson, 1999).
Distorted models scaled with Froude similitude (e.g., river models) are assumed to simulate bulk
one dimensional hydrodynamics, so they typically have scale effects on the two- and threedimensional flow variables. These distortions often affect model diffusion, turbulent mixing,
vorticity, and vertical velocity profiles; therefore, special consideration of these parameters is
required to ensure they are being modeled properly (Agegnehu, 2015).

2.3. Velocity in Open Channels
Velocities in a cross-section are distributed from highest, typically in the center just
below the water surface, to lowest at flow boundaries and overbanks (Stream Hydraulics, 2007).
A typical velocity profile can be seen in Figure 14. Velocity is smallest at the boundaries due to
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two kinds of fluid forces: pressure (the normal force to the solid surface at that point) and
viscous shear stress (the tangential force to the local solid surface). For smooth boundaries, the
force the fluid exerts on the boundary can only be a result from the action of the viscous shear
stresses because the pressure force has no component in the direction of flow (Figure 15). For
rough boundaries, which is most often the case whether it be natural channels or corroded pipes,
there is both a downstream component of pressure force on the boundary as well as a
downstream component of viscous force. For turbulent flows, the vertical velocity distribution is
more uniform than that of laminar flows at the same discharge (Figure 16). This means there is
also a much sharper change in velocity near the boundary, where the velocity goes to zero
according to the no-slip condition (Southard, 2021).

Figure 14. Velocity profile in a channel cross-section.
Source: Julien, 2002.
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Figure 15. Pressure forces and viscous forces on boundaries of different roughness.
These forces are represented in the figure on a physically smooth (A) and physically rough (B)
boundary. Source: Southard, 2021.

Figure 16. Comparison of laminar (L) and turbulent (T) velocity profiles.
In the figure, these profiles are represented in steady uniform flow in a pipe and open channel.
Source: Southard, 2021.

In addition to velocity changing with respect to depth (vertically), velocity also changes
with respect to location across the cross section (horizontally). Velocity is typically highest in the
thalweg (lowest part of the channel) and can also change depending on the presence or absence
of bends in the river. In straight sections, the direction of flow is parallel to the banks and shear
force is dominant. In bends, the interaction of flow becomes more three dimensional and
transverse (or secondary) flow becomes more prominent (Stream Hydraulics, 2007). During
bankfull flows, the highest velocities are found on the inside of the bend and if there are
alternating bends in the river, then the highest velocities can move from one bank to the next
(Figure 17). Because the model was designed to produce turbulent flows for sediment transport,
it is expected that vertical velocities will be fairly uniform. In straight sections of the channel, it
is expected that velocities will be fairly constant across the cross-section, while in winding
sections it is expected that velocities will vary depending on the channel geometry upstream.
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Figure 17. Highest velocities during bankfull flows in open channels.
These highest velocities follow the line of arrows starting at A. Shear stress and transport
capacity drop off at point B and aggradation occurs. Opposite the point bar at C, low bed load
joins the incoming flow, and as surface currents angle into the bank and undercurrents move
away from the bank, an area of downswelling occurs at D. At point E, the inflection point in the
meander, flow with a low bed-load supply enters the contracted reach, which is steeper and
shallower, and regains its scouring capacity. Source: Stream Hydraulics, 2007.

In open channels, average velocity is often measured in order to calculate discharge.
Average velocity is measured in irregular shaped channels by measuring the velocity at multiple
points across the cross-section at different depths in order to calculate the average velocity or in
uniform shaped channels by measuring at two-thirds of the water depth. In physical models like
the LMRPM, however, the channel is very small due to scaling and thus, velocity measurements
are typically restricted to a single point (i.e., point velocity).

2.3.1. Scale effects on LMRPM velocity profiles
Scale effects are present on the LMRPM due to the high level of model distortion.
Agegnehu (2015) implemented a non-hydrostatic and finite volume software (OpenFOAM)
along with a Large Eddy Simulation (Dynamic Smagorinsky Model) to study the effects of the
LMRPM’s distortion on mean velocity flow fields in addition to turbulent intensities, bed shear
stresses, and suspended sediment concentrations (this review will be limited to his analysis of the
effects on velocity due to its relevancy to this thesis). He found that the difference in horizontal
velocity (u where u is the horizontal velocity component) fields between a 7.5 and a 15 distortion
level model was minimal (Figure 18). However, there were significant differences in the vertical
velocity (w where w is the vertical velocity component) fields between both models (Figure 19).
In addition to the potential impact that this vertical velocity distortion may have on point velocity
measurements (implemented in this thesis), it also has major implications on the cross-sectional
distribution of suspended sediment transport, bed evolution, and sandbar formation.
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Figure 18. Comparisons of horizontal velocity flow fields.
These comparisons are for three cross-sections on the LMRPM where u is the horizontal velocity
component (ms-1) and Ui is the inflow bulk velocity (ms-1): (a) Section 1 at distortion 15, (b)
Section 1 at distortion 7.5, (c) Section 2 at distortion 15, (d) Section 2 at distortion 7.5, (e)
Section 3 at distortion 15, and (f) Section 3 at distortion 7.5. Source: Agegnehu, 2015.

Figure 19. Comparisons of vertical velocity flow fields for three cross-sections on the LMRPM.
Where w is the vertical velocity component (ms-1) and Ui is the inflow bulk velocity (ms-1): (a)
Section 1 at distortion 15, (b) Section 1 at distortion 7.5, (c) Section 2 at distortion 15, (d)
Section 2 at distortion 7.5, (e) Section 3 at distortion 15, and (f) Section 3 at distortion 7.5.
Source: Agegnehu, 2015.
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Agegnehu also analyzed the cross-sectional variation of turbulence in the form of
velocity fluctuations between the two distortion levels (Figure 20). Fluctuations in the horizontal
velocities (u’u’) were mostly observed around the boundary layers (banks and bed), which is
most likely due to the differences in the formation of the shear layer illustrated by the mean
horizontal velocity fields (Figure 18). Significant differences in the vertical velocity fluctuations
(w’w’) were seen, similar to the vertical velocity results in Figure 19. At a distortion of 7.5, peak
w’w’ values decreased by half compared to values at a distortion of 15. In addition to this, the
spatial distribution of peak w’w’ values at a distortion of 7.5 moved from the right to left banks,
while the peak w’w’ values at a distortion of 15 were located away from the boundaries and
towards the center of the channel. These results indicate that distortion can have major impacts
on the representation of flow, sediment transport, and solute mixing processes in the vertical and
lateral directions (Agegnehu, 2015). With respect to this research, these results indicate that the
high level of distortion (15) of the LMRPM will most likely affect point velocity measurements.
It is expected that point velocity measurements may not vary significantly with respect to depth
and that vertical velocity fluctuations may cause a difference in measured point velocity with
respect to the same headbox discharge.
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Figure 20. Comparisons of time averaged velocity fluctuations on the LMRPM.
Shown are horizontal (top) and vertical (bottom) velocity fluctuations on the LMRPM where
u’u’ is the horizontal velocity fluctuation, w’w’ is the vertical velocity fluctuation, and Ui is the
inflow bulk velocity: (a) Section 1 at distortion 15, (b) Section 1 at distortion 7.5, (c) Section 2
at distortion 15, (d) Section 2 at distortion 7.5, (e) Section 3 at distortion 15, and (f) Section 3 at
distortion 7.5. Source: Agegnehu, 2015.
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2.3.2. Common methods of measuring velocity
Point velocities can be measured in several different ways including the use of hot-film
anemometers (e.g., Blinco and Partheniades, 1971; Nakagawa and Nezu, 1981), laser doppler
velocimeters (e.g., Nezu and Rodi, 1986), electromagnetic current meters (e.g., Cacchione and
Drake, 1979; Voulgaris et al., 1995), acoustic doppler velocimeters (Voulgaris and Trowbridge,
1998), and mechanical current meters. Each has its own unique set of advantages and
disadvantages, which were considered when choosing the type of current meter appropriate for
use on the LMRPM.
Hot-film anemometers, or hot-wire anemometers, measure the instantaneous velocity of
fluid flow based on the dependence of sensor heat transfer on the fluid velocity, temperature, and
composition. The sensor is a thin metal wire or film made from a material with a high
temperature coefficient of resistance such as platinum, tungsten, or platinum-rhodium (Figure
21). This sensor is heated by electric current and placed in the fluid (e.g., air or water), which has
a much lower flow temperature. The local fluid velocity is determined by the measurement of
voltage drop across the wire (Shekhter, 2011). Today, hot-wire anemometry is most commonly
used to measure air velocity, so no instruments were found that could be used in the application
of this research.

Figure 21. Example of a hot-wire anemometer used to measure fluid velocity.
Source: First image: Traceable Products, (n.d.); Second image: InstrumentationTools, (n.d.).

Laser doppler velocimetry (LDV), also called laser doppler anemometry, has been
extensively applied in the past for characterizing liquid flow, mixing, and energy dissipation in
various flow situations. Its high spatial resolution and ability to follow rapid fluctuations in
velocity make it a very useful tool for the study of turbulence. The laser doppler velocimeter
measures local, instantaneous fluid velocity by detecting the frequency of light scattered by small
particles suspended in the fluid as it passes through a fringe or interference pattern (Figure 22).
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The instrument consists of multiple components including a laser light source, optical
arrangements to transmit and collect light, a photodetector, and signal processing equipment.
Light from the laser is split by a beam splitter into two beams of equal intensity that cross to
form a fringe pattern in the local region of the fluid where velocity is being measured. If one of
the beams is frequency-shifted, the LDV system measures flow reversals. Scattered light from
the measurement volume is collected, and the optical signal is converted to an electronic signal
for processing. The frequency of the scattered light is shifted by an amount directly proportional
to the flow velocity, according to the Doppler principle. The mean and fluctuating velocity
components are determined from the frequency record of the photodetector and the detected
Doppler shifts.
The major advantage to LDV is that it is noninvasive, so the fluid flow is not disturbed.
In addition to this, LDV has a high level of accuracy without having to be calibrated. It is
important to note that for LDV, light scattering particles are required in the fluid and a certain
level of transparency is required (Doran, 2013). One major disadvantage to this technique of
measuring fluid velocity is that it is expensive compared to other methods. In addition to this, a
substantial amount of knowledge on the subject is required in order to operate an LDV
instrument (Duff et al., 2004). Considering these experiments are not being performed in a
transparent system (e.g., flume), a different method of measuring velocity was chosen for this
thesis research.

Figure 22. Laser doppler velocimeters are used to measure fluid velocity.
These instruments detect the frequency of light scattered by suspended particles to measure
instantaneous fluid velocity. Source: First image: Wikimedia Commons, (n.d.); Second image:
Velocimetry, (n.d.).

Electromagnetic current meters, or mag meters, measure velocity based on the principle
of Faraday’s Law of Electromagnetic Induction. This principle states that a conductor moving
through a magnetic field produces an electric signal within the conductor, which is directly
proportional to the velocity of the water moving through the field. Essentially, as fluid flows
through the magnetic field, conductive particles in the fluid create changes in voltage across the
magnetic field (Figure 23). This change in voltage is used to measure and calculate the velocity
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of water flow through a pipe. Mag meters come in a several different forms including a probelike instrument that can be inserted directly into the water as well as a sleeve-like instrument that
can be attached to the outside of a pipe. The major advantage of electromagnetic current meters
is that they have no moving parts, so they require less maintenance than other meters. Another
advantage is that they can be installed without shutting down a pipeline. This type of current
meter is commonly used in laboratory flumes as well as water and wastewater applications
(McCrometer, n.d.). Mag meters typically require laminar flow conditions and significant space
around the instrument to prevent interference. Because the LMRPM channel has very small
dimensions and it is designed to be fully turbulent at typical flows when sediment is in motion,
this type of meter was not selected for this research.

Figure 23. Example of an electromagnetic current meter.
These instruments are used to measure fluid velocity and operate on the principle of Faraday’s
Law of Electromagnetic Induction. Source: First image: McCrometer, (n.d.); Second image:
Fluid Handling, 2019.

The acoustic doppler velocimeter (ADV) is a common instrument for measuring velocity
in open channels. An ADV is an active sonar that transmits acoustic signals and then receives the
echoes reflected by sound scatters in the water caused by floating particles, debris, etc. The
scatterers are usually passively advected by water motion (Gordon, 1996; Plimpton et al., 1997).
Based on the doppler principle, flow velocity is deduced from the measured frequency shift
between emissions and echoes. An ADV has three receivers so that three-dimensional velocity
can be calculated (Figure 24). The ADV’s spatial focus and low noise make it uniquely suited for
experiments that require high resolution and high precision (Zhang et al., 2001). However,
because of the ADV’s three-dimensional velocity measurement design, this instrument is too
large for use on the LMRPM.
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Figure 24. An Acoustic Doppler Velocimeter.
This instrument transmits acoustic signals and receives the echoes reflected by particles in the
water. The measured frequency shift between emissions and echoes is used to calculate velocity
based on the Doppler Principle. Source: First image: ENVCOglobal, (n.d.); Second image:
Elscolab, (n.d.).

Mechanical current meters, either vertical-axis meters or horizontal-axis meters, are
another type of meter commonly used in measuring flow velocity in open channels. Vertical-axis
meters typically involve a series of conical cups fixed to a hub that rotate around a vertical shaft.
One advantage to vertical-axis meters is that they are very low maintenance. They have few parts
and are easy to clean. The bearings are contained in an air pocket that prevents them from
coming into contact with silt and other debris, so wear and tear on this type of instrument is
minimized.
Horizontal-axis meters have screw type impellers that rotate about a horizontal axis.
Maintenance requirements vary depending on the specific meter, but typically necessitate
disassembly of numerous parts, cleaning, and oiling between discharge measurements. These
meters have a complex ball bearing assembly that is sealed in oil to provide lubrication while
excluding sediment (Fulford et al., n.d.). Because these meters are relatively simple, affordable,
and small in size, they are efficient in measuring flow velocity in many different settings
including open channels, pipe flow, and physical models. They are also extremely accurate.
Because of the compact size of the horizontal-axis meter, it was the best choice for this
research. It was still a challenge to find a meter that was small enough to fit within the channel of
the model as well as one that was able to measure small enough velocities such as those on the
LMRPM (~0.16 ft/s). Only one option was found: the OSS-PC1 Miniature Current Meter from
Hydrological Services America (Figure 25). This current meter has a propeller that produces a
pulse signal with each rotation. The signal is generated by an encapsulated reed switch and a
permanent magnet set into the rotating shaft assembly. The current meter connects to a counter
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that records the number of rotations and calculates the average velocity based on the specific
calibration of the impeller.

Figure 25. The OSS-PC1 Miniature Current Meter.
This instrument is made by Hydrological Services America. This horizontal-axis current meter
uses a permanent magnet and reed switch system to measure point velocity in open channels,
small pipes, laboratories, and river models. The image on the left was taken of the current meter
in the LMRPM channel where water flows from left to right downstream.
Source: Hydrological USA, (n.d.).
2.3.3. Challenges in measuring velocity
The LMRPM poses a unique challenge to measuring velocity due to the small dimensions
of the channel. In many sections, the channel width is no more than 6 inches and the depth no
more than 3 inches. Due to the non-uniform shape of the cross-sections, oftentimes the thalweg
(i.e., deepest part of the channel) is only 2 inches wide. The upstream cross-sections (i.e.,
upstream of Alliance) tend to be very narrow and fairly deep (3.5 in). However, the downstream
cross-sections are wider than they are deep, making it difficult to find a space large enough for
an instrument. The availability of space is further diminished with the addition of sediment on
the model, which can in some places build up the sediment bed by 1 inch. Common instruments
used to measure velocity on physical models (e.g., acoustic doppler velocimeters) are simply too
large for the LMRPM. In addition to the small size of the channel, the low velocities on the
model pose another significant challenge to finding an applicable velocity meter. The average
cross-sectional velocity is often as small as 0.16 ft/s and only reaches a maximum velocity of
approximately 0.6 ft/s. Most velocity meters are not capable of measuring velocities this small.
The only instrument that was found that could meet these unique qualifications was the OSSPC1 Miniature Current Meter made by Hydrological Services America.
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CHAPTER 3. MATERIALS AND METHODS

3.1. OSS-PC1 Miniature Current Meter and PVD100 Current Meter Counter

Velocity measurements were made using the OSS-PC1 Miniature Current Meter from
Hydrological Services America (HSA) (Figure 26). This mechanically rotating current meter was
chosen based on its small dimensions and ability to measure very small velocities. The impeller
(Fan No. 5) is 30 mm in diameter and has a starting velocity of 0.16 ft/s. The current meter has
an accuracy of ±1%. The HSA PVD100 Current Meter Counter was used to calculate the velocity
from the current meter. The current meter counter uses a User Serial Interface Program in which
the specifications of the current meter are entered to calculate direct velocity readings.

3.1.1. Special Operating Functions
The PVD100 offers a variety of functions for the user to select based on preference. For
this research, selections were made based on the models very low flows, the change in headbox
flow every 65 seconds, and the accuracy of the measurement. In the first menu
(Velocity/Counts), “Velocity” was chosen in order to display an approximate velocity on the
screen while taking a measurement. In the second menu (Feet/Meters), “Meters” was selected so
that the velocity measurements would display to two decimal points. This can be misleading,
because the same equation (in m/s) is used regardless of whether it is in “Feet” or “Meters,”
however measurements in “Meters” display one additional significant figure compared to “Feet.”
To be clear, it is not an option of whether the velocity is calculated in m/s or ft/s, instead it is a
choice of measurement precision. In the third menu (Maghead/Catwskr), “Maghead” was
selected because a cat whisker contact was not being used. In the next menu (Normal/Slow),
“Slow” was chosen due to having velocities smaller than 0.076 m/s. In the last menu, the
measurement time was set to 10 sec after ensuring it was enough time for an accurate
measurement. Before taking measurements, the current meter was placed in the channel and the
“calibrate” function was used.

3.1.2. Current Meter Stands
Stands for the current meter were designed so that the meter could be suspended within
the channel during measurements and to ensure reproducibility of measurement locations (Figure
26). In the field, the current meter rod is placed on the bottom of the channel, and the meter is
lowered or raised to the desired depth. However, due to the small dimensions of the LMRPM, the
bottom of the channel is often not flat enough to support the current meter rod. Furthermore, in
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order to prevent disturbing the lightweight sediment on the bed during an experiment, it was
decided that the current meter should be suspended. Clear acrylic (0.22 in thick) was used to
construct the current meter stands, which provided a rigid and water-resistant base. A stack of
two Lego blocks was glued to the bottom of the acrylic to provide a level platform that kept the
acrylic elevated from the levees so that it would not interfere with high flows. The levees and
measurement locations were marked on each acrylic stand to ensure consistency throughout the
experiments. The stands were designed so that when the current meter was resting on them, the
impeller was aligned with the river mile of interest.

Figure 26. Pictured is the current meter resting on the current meter stand.
The location is this image is Reserve (RM 136). The stand is elevated off the levees, which are
aligned with the black lines on the stand. The measurement locations are marked with a thin line
and number denoting the distance (cm) from the west levee. The current meter is centered on the
center measurement line in the picture. The stands are designed so that the current meter impeller
is positioned at the river mile of interest (marked by the holes in the levee). Water flows from left
to right in the image.

3.2. Flume Tests
The current meter was tested in a hydraulic flume at the United States Army Engineer
Research and Development Center (ERDC) in Vicksburg, Mississippi. Velocity measurements
were taken with both the current meter and an electromagnetic velocity meter (Valeport Model
802) that belonged to ERDC at three different flowrates. These tests were conducted to ensure
that the current meter was performing appropriately, and that the current meter counter was
programmed properly. Multiple velocity measurements were taken at 0.6 of the water depths and
averaged for each flowrate. The theoretical average velocity was calculated using the continuity
equation for comparison to the measured velocities.
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3.3. Ultraviolet Dye Tests
Qualitative tests were conducted using fluorescent dye to study the potential flow
disturbance caused by the current meter without sediment on the model. These tests were
performed at two flowrates (400,000 and 1,200,000 cfs prototype) at three cross-section
locations throughout the channel: Reserve (RM 136), Harvey Lock (RM 97), and Head of Passes
(RM 2). Time was allotted for the headbox discharge to stabilize and reach each location. Dye
was injected with three Mariotte bottles in parallel that were placed into the channel. Videos
were made of the dye traveling through each cross-section with the current meter in place and
without it in place.
The dye was created from a Green UV Water Dye concentrate. Special consideration was
given to the dye mixture to ensure the same physical properties as the rest of the water on the
model. Thirty drops of dye were mixed with 200 mL of water which gave the tracer a density of
1.05 g/cm3. Water on the LMRPM has a 0.44% concentration of surfactant and a 0.03%
concentration of pool shock, giving it a density of 1.07 g/cm3. Customized Mariotte bottles were
chosen based on their ability to release the mixture at a constant rate without disturbing the flow.
These bottles consisted of an injection tube and a vent tube at the top that drew air into the bottle
which equalized pressure and provided a constant flow (Scott, 2019). Three bottles were used in
parallel to inject dye into the channel across the cross-section. Before injecting the dye, a
McDoer 100 LED UV flashlight was directed onto the dye for a couple of minutes to induce
radiation. The flashlight was then directed onto the cross-section at a distance while the dye was
injected into the channel.

3.4. Particle Velocity Tests
Particle velocity tests were conducted to compare the current meter velocity to an
approximate surface velocity both with and without sediment on the model. These tests were
conducted by dropping lightweight plastic beads into the channel and recording the time it took
for each bead to travel a specific distance. The plastic beads were HDPE plastic balls with a 5/32
in diameter and a 0.95 g/cm3 density (Scott, 2019). Tests were conducted upstream of Reserve
(RM 155-145), at Reserve (RM 142-138), upstream of Harvey Lock (RM 100-98), at Harvey
Lock (RM 100-97), and at Head of Passes (RM 4.5-2) for a range of discharges. If more than one
test was performed at one location (for different flowrates), then the results were denoted with a
specific test number next to the location name. Time was allotted for the desired flow to reach
each location before making a measurement. Multiple measurements were made during each test,
which were used to calculate the average velocity and standard deviation. Current meter
measurements were made at the same time at the downstream end of the distance range (e.g., for
upstream of Reserve, the current meter was placed at RM 145). Velocity was measured in the
middle of the thalweg at each cross-section during a 10-second time interval. The percent
difference between the particle velocity and current meter velocity was then calculated by
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dividing the absolute value of the difference between the two measurements by the average of
the two measurements and then multiplying by 100.

3.5. Sensitivity Analysis
3.5.1. Sensitivity to measurement time interval
The variation in velocity measurement caused by changing the measurement time interval
was quantified through a series of tests conducted throughout the channel without sediment on
the model at four separate locations: Reserve (RM 136), Alliance (RM 62), Empire (RM 27), and
Head of Passes (RM 2) (Figure 27 to Figure 30). Three measurement time intervals were tested
including a 2-second interval, 10-second interval, and 20-second interval. Longer intervals can
be used for measurements, but these three were chosen based on their practicality when taking
velocity measurements throughout an unsteady state hydrograph. The 2-second measurement
was conducted by using the “continuous” time interval function on the current meter counter.
This can be misleading, however, because in order for the current meter counter to calculate the
full equation for average velocity (as opposed to the shortened equation that it uses on the
display throughout the measurement) it has to be stopped. Thus, this time interval will be
referred to as “2-second” instead of “continuous” because each measurement was two seconds
long. All measurements were taken in the middle of the channel of each cross-section at the same
depth. The Gulf of Mexico was set to l.3 ft (NAVD88) and a hydrograph was run that contained
five target discharges (400, 600, 800, 1,000, and 1,200 thousand cfs prototype) at intervals that
accounted for lag time to each location. This discharge, which is measured at the headbox, was
averaged for the time interval during which the measurements were taken in order to account for
the variance in discharge caused by the pump’s efficiency. Thus, the average discharge for each
measurement is not only the discharge at the headbox, but also the discharge at the cross-section
in which the measurement was taken. These tests were conducted without the addition of
sediment on the model in order to eliminate any potential effects caused by the sediment bed.
Three consecutive measurements were taken during each target discharge for each time
interval at each cross-section location. Each group of three velocity measurements was averaged
and the standard deviation was calculated for each. The percent difference between each
combination of time intervals was calculated by dividing the absolute value of the difference in
average velocity divided by the average of the two and multiplying by 100. The percent
difference at each flow rate was then averaged for each location. T-tests were performed to
evaluate whether the difference in velocity measurement between each combination of time
intervals was significant. These were performed in Excel using the “two-sample assuming equal
variances” t-Test with an alpha of 0.05. If the two-tail P-value was less than alpha, the difference
in mean velocity was deemed significant.
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Figure 27. Location for the velocity measurements at Reserve (RM 136).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to measurement time interval. Measurements were made at the
same location as the “center” measurements during the horizontal test at Reserve. The red circle
represents the space occupied by the current meter. The colored lines represent the river stage
during each discharge.

Figure 28. Location for the velocity measurements at Alliance (RM 62).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to measurement time interval. Measurements were made at the
same location as the “center” measurements during the horizontal test at Alliance. The red circle
represents the space occupied by the current meter. The colored lines represent the river stage
during each discharge.
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Figure 29. Location for the velocity measurements at Empire (RM 27).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to measurement time interval. Measurements were made at the
same location as the “shallow” measurements during the depth test at Empire. The red circle
represents the space occupied by the current meter. The colored lines represent the river stage
during each discharge.

Figure 30. Location for the velocity measurements at Head of Passes (RM 2).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to measurement time interval. Measurements were made at the
same location as the “center” measurements during the horizontal test at Head of Passes. The red
circle represents the space occupied by the current meter. The colored lines represent the river
stage during each discharge.
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3.5.2. Sensitivity to depth
To evaluate the variation in velocity measurement when the current meter was moved up
and down within a cross-section, three depth tests were performed without sediment on the
model. These tests were conducted at three cross-section locations throughout the channel:
Harvey Lock (RM 97), West Point-A-La-Hache (RM 46), and Empire (RM 27) (Figure 31 to
Figure 33). Two depths at each cross-section were determined based on the total depth at each.
The goal in choosing these depths was to have a current meter location as close to the water
surface as possible (denoted as “shallow”) and a current meter location as close to the bed as
possible (denoted as “deep”). Measurements were taken in the center of the thalweg at each
cross-section location. The Gulf of Mexico was set to l.3 ft (NAVD88) and a hydrograph was run
that contained five target discharges (400, 600, 800, 1,000, and 1,200 thousand cfs prototype).
Time was allotted for each discharge to reach the cross-section, then measurements were taken.
This discharge, which is measured at the headbox, was averaged for the time interval during
which the measurements were taken in order to account for the variance in discharge caused by
the pump’s efficiency. Thus, the average discharge for each measurement is not only the
discharge at the headbox but also the discharge at the cross-section where the measurement was
taken. These tests were conducted without the addition of sediment on the model in order to
eliminate any potential effects caused by the sediment bed.
Three consecutive 10-second measurements were taken during each target discharge at
both depths. Each group of three velocity measurements was averaged, and the standard
deviation was calculated for each. The percent difference between the “shallow” and “deep”
measurements was calculated by dividing the absolute value of the difference in average velocity
by the average of the two and multiplying by 100. The percent difference at each flowrate was
graphed as well as the percent difference averaged over the range of flowrates for each location.
T-tests were performed to evaluate whether the difference in velocity measurement between each
depth was significant. These were performed in Excel using the “two-sample assuming equal
variances” t-Test with an alpha of 0.05. If the two-tail P-value was less than alpha, the difference
in mean velocity was deemed significant.
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Figure 31. Location for the velocity measurements at Harvey Lock (RM 97).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to depth within the cross-section. Measurements were made at
the “shallow” and “deep” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.

Figure 32. Location for the velocity measurements at West Point A-La-Hache (46).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to depth within the cross-section. Measurements were made at
the “shallow” and “deep” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.
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Figure 33. Location for the velocity measurements at Empire (RM 27).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity with respect to depth within the cross-section. Measurements were made at
the “shallow” and “deep” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.

3.5.3. Sensitivity to location across the cross-section
Six tests were conducted throughout the channel without sediment on the model to
quantify the variation in velocity measurement caused by moving the current meter across the
cross-section horizontally. These six cross-section locations were Reserve (RM 136), Harvey
Lock (RM 97), Alliance (RM 62), West Point-A-La-Hache (RM 46), Venice (RM 13), and Head
of Passes (RM 2) from upstream to downstream, respectively (Figure 34 to Figure 39). The part
of the channel wide enough to house the current meter was measured and split into three sections
(“west bank”, “center”, and “east bank”) for each cross-section (this was the maximum number
of sections for all cross-sections). The Gulf of Mexico was set to l.3 ft (NAVD88) and a
hydrograph was run that contained five target discharges (400, 600, 800, 1,000, and 1,200
thousand cfs prototype) at intervals that accounted for lag time to each location. This discharge,
which is measured at the headbox, was averaged for the time interval during which the
measurements were taken in order to account for the variance in discharge caused by the pump’s
efficiency. Thus, the average discharge for each measurement is not only the discharge at the
headbox, but also the discharge at the cross-section in which the measurement was taken. These
tests were conducted without the addition of sediment on the model in order to eliminate any
potential effects caused by the sediment bed.
Three consecutive 10-second measurements were taken during each target discharge at
each location across the cross-section. Each group of three velocity measurements was averaged
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and the standard deviation was calculated for each. The percent difference between each
combination of locations was calculated by dividing the absolute value of the difference in
average velocity by the average of the two measurements and multiplying by 100. The percent
difference at each flowrate was then averaged for each location. T-tests were performed to
evaluate whether the difference in velocity measurement between each combination of locations
was significant. These were performed in Excel using the “two-sample assuming equal
variances” t-Test with an alpha of 0.05. If the two-tail P-value was less than alpha, the difference
in mean velocity was deemed significant.

Figure 34. Location for the velocity measurements at Reserve (RM 136).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity across the cross-section. Measurements were made at the “east bank”,
“center”, and “west bank” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.
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Figure 35. Location for the velocity measurements at Harvey Lock (RM 97).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity across the cross-section. Measurements were made at the “east bank”,
“center”, and “west bank” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.

Figure 36. Location for the velocity measurements at Alliance (RM 62). Measurements were
taken during a constant discharge of 400, 600, 800, 1,000, and 1,200 thousand cubic feet per
second (tcfs) prototype without sediment on the model to quantify the variation in velocity across
the cross-section. Measurements were made at the “east bank”, “center”, and “west bank”
locations. The red circles represent the space occupied by the current meter. The colored lines
represent the river stage during each discharge.
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Figure 37. Location for the velocity measurements at West Point A-La-Hache (RM 46).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity across the cross-section. Measurements were made at the “east bank”,
“center”, and “west bank” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.

Figure 38. Location for the velocity measurements at Venice (RM 13).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity across the cross-section. Measurements were made at the “east bank”,
“center”, and “west bank” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.
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Figure 39. Location for the velocity measurements at Head of Passes (RM 2).
Measurements were taken during a constant discharge of 400, 600, 800, 1,000, and 1,200
thousand cubic feet per second (tcfs) prototype without sediment on the model to quantify the
variation in velocity across the cross-section. Measurements were made at the “east bank”,
“center”, and “west bank” locations. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage during each discharge.

3.6. Measuring Velocity During the Fifty-Year Mid Barataria Experiment
Velocity was measured during the 50-Year Mid Barataria Experiment on the LMRPM,
which was an experiment consisting of fifty years of historical data using future estimated
relative sea level rise while operating the Mid Barataria Sediment Diversion. The historical
discharge hydrographs and sediment discharge data was from the years 1963-2013. The initial
relative sea level of 1.3 ft (relative sea level in 2019; NAVD88) increased according to estimates
of future relative sea level rise made by the Coastal Protection and Restoration Authority and
resulted in a final sea level of 3.5 ft (CPRA, 2017).

3.6.1. Methods
Velocity was measured with the current meter using a 10-second measurement time
interval throughout the experiment. The current meter was located in the center of the thalweg at
each cross-section and the depth of the current meter within each cross-section remained
constant. Velocity was measured at Reserve (RM 136; “west bank” location in Figure 34),
Harvey Lock (RM 97; “west bank” location in Figure 35), Alliance (RM 62; “center” location in
Figure 36), WPALH (RM 46; “center” location in Figure 37), Port Sulphur (RM 38; Figure 40),
Empire (RM 27; “shallow” location in Figure 33), Fort St. Philip (RM 21; Figure 41), Venice
46

(RM 13; “center” location in Figure 38), downstream of Venice (RM 7; Figure 42), West Bay
(RM 4.5; Figure 43), and HOP (RM 2; “center” location in Figure 39). At cross-sections
upstream of River Mile 13, the current meter stand consisted of the same acrylic piece from the
previous tests but rested on the levees or rested on a combination of the levee on one side and
single Lego block on the other (to make it level when there was levee at only one bank) as
opposed to the stack of two Lego blocks used in the sensitivity tests. At cross-sections
downstream of RM 13, where levees are no longer present, each acrylic piece was supported by a
single Lego block at each corner. Current meter stands were lined up with River Mile markers on
the model and kept at the same consistent location with the use of marks on the model.
On the LMRPM, one historical year (or “run”) of flow and sediment discharge is
modeled at a time, which takes approximately one hour on average. LabVIEW, the software that
is used to control the model, collects data from the run every 6.45 seconds. This data includes
river stages from the ultrasonic water level sensors on the model and headbox discharge from the
pumps that regulate the water injected onto the model. In order to sync the velocity
measurements to the LabVIEW-collected data, a stopwatch was started at the beginning of each
run, which was used to record the time at which each 10-second measurement was taken.
Measurements were taken throughout each run of the experiment in a way that provided velocity
measurements for a range of headbox discharge at each cross-section location. Because the
measurement time was recorded at the end of the 10-second measurement, ten seconds from that
time was subtracted when referencing headbox discharge and stage data in order to get the values
at the beginning of each measurement.

Figure 40. Location for the velocity measurements at Port Sulphur (RM 38).
Measurements were taken during the 50 Year Mid Barataria Experiment. Measurements were
made in the center of the thalweg. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage for a range of discharges to provide an
approximate location of the water surface throughout a typical hydrograph.
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Figure 41. Location for the velocity measurements at Fort Saint Philip (RM 21).
Measurements were taken during the 50 Year Mid Barataria Experiment. Measurements were
made in the center of the thalweg. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage for a range of discharges to provide an
approximate location of the water surface throughout a typical hydrograph.

Figure 42. Location for the velocity measurements just downstream of Venice (RM 7).
Measurements were taken during the 50 Year Mid Barataria Experiment. Measurements were
made in the center of the thalweg. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage for a range of discharges to provide an
approximate location of the water surface throughout a typical hydrograph.
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Figure 43. Location for the velocity measurements at West Bay (RM 4.5).
Measurements were taken during the 50 Year Mid Barataria Experiment. Measurements were
made in the center of the thalweg. The red circles represent the space occupied by the current
meter. The colored lines represent the river stage for a range of discharges to provide an
approximate location of the water surface throughout a typical hydrograph.

3.6.2. Discharge calculations
Discharge was calculated from the velocity measurement and cross-sectional area using
the following continuity equation:
𝑸 = 𝑽𝑨
(3.1.)
Where,
Q = Discharge, cfs
V = Average cross-sectional velocity, ft/s
A = Cross-sectional area, ft2

It should be noted that the continuity equation above assumes average cross-sectional
velocity, however the point velocity measurement was used in its application for this research.
Cross-sectional area was calculated with model-scale geometry from a former graduate student’s
HEC-RAS model of the Lower Mississippi River and the stage data at the time of the
measurement (Olivier, 2016). This HEC-RAS geometry was created from Lidar and bathymetry
data of the Mississippi River, and therefore consisted of cross-sections with sediment. A linear
midpoint finite-difference scheme was used to calculate the area between the water surface
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elevation and the transect profile (Figure 44). Thus, calculated cross-sectional area only changed
with respect to stage at the time of the measurement.

Figure 44. An example of how the cross-sectional area was calculated.
Water surface elevation at the time of the velocity measurement was taken from the ultrasonic
water level sensors on the model. Area between neighboring survey points (an) below the water
surface was calculated as the product of the across-channel distance between two neighboring
points (wn), and the average water depth between the points (yn = [y1 + y2]/2). Total crosssectional area for the transect (Atransect) was calculated by taking the sum of cross-sectional areas
determined for all neighboring survey points; Source: Nittrouer et al., 2012a.

Discharge calculations were initially done in model units and then converted to prototype
units by multiplying by 48,000,000 (see Section 2.2.5. for model scaling). Discharge calculations
were compared to the headbox discharge (where water is pumped onto the model) at the time of
the measurement. The headbox discharge could not simply be lagged to the downstream location,
because there are multiple points along the channel where an unknown quantity of discharge is
lost through diversions, overbank flow, or cuts in the channel (e.g., Bonnet Carré Spillway, Mid
Barataria Sediment Diversion, Bohemia Spillway, Ostrica; see Figure 45).
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Figure 45. The channel on the LMRPM spans from RM 195 to the Gulf of Mexico.
Velocity was measured during the 50 Year Mid Barataria Experiment at the cross-section
locations indicated by the yellow lines. Discharge leaving the main channel is indicated by the
red arrows.

Analysis of velocity, stage, and calculated discharge data was grouped according to the
headbox discharge at the time of the measurement. If more than one measurement was taken
consecutively and within a ± 50,000 cfs headbox discharge range, the second measurement was
omitted from the analysis to avoid giving the data any artificial weight. Because the sea level
was increased throughout the experiment, measurements were further grouped according to a 0.4
ft sea level range at the time of the measurement to avoid any potential effects from sea level
rise. A minimum of three measurements within each group was required for analysis. If this limit
was not met, the analysis was omitted for that headbox discharge range. Velocity, stage, and
calculated discharge were then averaged and the standard deviation was calculated for each.
Then, each parameter (velocity, stage, calculated discharge) was averaged across the entire
headbox discharge range for evaluation with respect to the location of the measurements.
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3.6.3. Challenges
There were various challenges associated with measuring velocity and calculating
discharge during the 50 Year Mid Barataria Experiment. Because the LMRPM has such a small
channel, there is very little room for placing the current meter in each cross-section. A lot of care
is required to avoid contacting the channel and disturbing the sediment bed. In addition to this,
velocity measurements were limited to a single point measurement. This is not ideal because the
average velocity is required for use in the continuity equation. However, as long as the same
method is used for all locations (replacing the average velocity with the point velocity in the
continuity equation), this is still a useful way to compare calculated discharge throughout the
model. It is not ideal because these calculated discharges cannot be compared to other data such
as measured discharges on the prototype where the velocity is the average cross-sectional
velocity. It should be noted that one solution to this problem which was not implemented in this
research is to develop a relationship between the measured point velocity and theoretical average
velocity for each cross-section. Then, the average velocity can be determined from the measured
velocity using this relationship and can then be used in the continuity equation. Then calculated
model discharges could be compared to prototype discharges.
Another challenge was the calculation of the cross-sectional area, which was calculated
from HEC-RAS geometry files developed from Lidar and bathymetry data of the Mississippi
River. This same Lidar and bathymetry data was also used to create the routed panels on the
model; however, some of the cross-sections were “cut” to allow enough room for bed material
when modeling sediment transport (i.e., the actual cross-sectional area on the model is larger in
some sections compared to the HEC-RAS cross-sections due to the “cuts”). At the time of this
research, data from the routed model cross-sections was not available, so the HEC-RAS model
served as the closest approximation.
In addition to this issue, cross-sectional area is constantly changing on the model due to
sediment transport; however, making measurements during a run is not possible due to the
amount of sediment that is constantly moving. Measurements of the bed are limited to before or
after runs, and significant sediment transport and resulting changes in the bed elevations can
happen in between. The velocity is affected by the cross-sectional area at the time of the
measurement but capturing a precise representation of this cross-sectional area during a run is
currently not possible. Therefore, the calculated cross-sectional area only changed based on the
stage at the time of the measurement and did not capture the change in bed throughout the
experiment.
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CHAPTER 4. RESULTS AND DISCUSSION
4.1. Flume Tests
Results from the flume tests at USACE ERDC are shown in Table 2. The proximity of
velocity measurements between the current meter and electromagnetic velocity meter indicate
that the current meter and current meter counter are working properly. The proximity of these
measurements to the calculated theoretical average velocity showed that under steady conditions
and with no changes in bed or cross-sectional area, the current meter should read close to the
cross-sectional average velocity.

Table 2. Results from the flume tests at ERDC

4.2. Ultraviolet Dye Tests
Dye tests were performed without sediment on the model to examine the possibility of
any flow separation at the location of the measurement caused by the current meter. Still frames
from these tests can be seen in Figure 46 – Figure 48. These tests were performed at
approximately 500,000 and 1,280,000 cfs prototype at Reserve (RM 136), Harvey Lock (RM
97), and Head of Passes (RM 2). Results from these tests show no apparent disruption caused by
the current meter at any of the locations at either discharge. Water moved through the propeller
naturally as if the current meter was not there and did not appear to either be separated by the
impeller or funneled through the impeller.
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Figure 46. Pictured is a still frame from the dye test at Reserve (RM 136).
This dye test was performed at a prototype discharge of approximately 524,000 cfs (model
discharge of 4.9 gpm). The picture at the top is with the current meter in place and pictured on
the bottom is the same scenario without the current meter in place. Water flows from left to right
in the image. Results showed no indication of flow disruption caused by the current meter.
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Figure 47. Pictured is a still frame from the dye test at Harvey Lock (RM 97).
This dye test was performed at a prototype discharge of approximately 524,000 cfs (model
discharge of 4.9 gpm). The picture at the top is with the current meter in place and pictured on
the bottom is the same scenario without the current meter in place. Water flows from left to right
in the image. Results showed no indication of flow disruption caused by the current meter.
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Figure 48. Pictured is a still frame from the dye test at Head of Passes (RM 2).
This dye test was performed at a prototype discharge of approximately 490,000 cfs (model
discharge of 4.6 gpm). The picture at the top is with the current meter in place and pictured on
the bottom is the same scenario without the current meter in place. Water flows from left to right
in the image. Results showed no indication of flow disruption caused by the current meter.
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4.3. Particle Velocity Tests
Particle velocity tests were performed both with and without sediment on the model near
Reserve, Harvey Lock, and Head of Passes and compared to current meter velocity
measurements made at the same locations (Figure 49). For reference, it takes on average
approximately two minutes for a particle to travel from the beginning to the end of the model
channel. The average standard deviation of the surface velocity and current meter velocity
ranged between 0.010 - 0.036 and 0.003 - 0.007 model ft/s, respectively.

Figure 49. Surface velocity tests results.
These tests were performed for comparison to the current meter velocity measurements near
Reserve (RM 136), Harvey Lock (RM 97), and Head of Passes (RM 2) for a range of discharge.
Standard deviations for both are indicated by error bars.

The percent difference between the current meter velocities and surface velocities can be
seen in Table 3. Because there was a larger deviation in measured surface velocity (due to the
method that was used), the positive standard deviation was added to the surface velocity before
the percent differences were calculated. This resulted in closer values between the two
measurements and is a better representation of the actual velocities that were observed. The
percent difference ranged from 0% - 11%. Results were similar at each specific location for the
range of discharge that was tested. At Harvey Lock (RM 100-98), the percent difference was 0%
and 1% for two different flowrates, and slightly further downstream (also at Harvey Lock: RM
100-97), the percent difference was 8% and 11% for two different flowrates. The proximity of
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results for a single location as well as a lack of correlation between magnitude of flowrate and
percent difference indicates that the difference in surface velocity and current meter measured
velocity was independent of the magnitude of discharge. The increase in percent difference,
although slight, for the larger span at Harvey Lock that was tested (RM 100-97) was most likely
due to the bend that occurs at RM 98 which influenced the velocity in the additional river mile
(RM 98-97) in this section (Figure 62). This could explain why there was a large percent
difference at Harvey Lock, which is downstream of multiple bends in the channel, and a small
percent difference at Head of Passes, which is downstream of a long, straight channel segment
(Figure 66).

Table 3. Average Surface Velocity, Average Current Meter Velocity, and Percent Difference

These results indicate that the current meter typically measures a velocity that is very
close to and sometimes slightly higher than the surface velocity. The fact that the current meter
measurements are sometimes slightly higher than the surface velocity measurements is most
likely due to the variation in the surface velocity tests. When the particles are dropped into the
channel, there are many different flow paths that they can take which results in a larger variation
in measured velocity for a specific headbox flow compared to the current meter measurements,
which are very consistent. This could have resulted in the false impression that the current meter
measurements are higher than the surface velocities when in fact they are approximately equal.
The range in percent difference among the locations could be due to the difference in the
relationship between surface velocity and current meter velocity (which is specific to each
location) and/or the lack of accuracy of the approximate surface velocity measurements.
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4.4. Sensitivity Analysis
4.4.1. Sensitivity to measurement time interval
The current meter was tested without sediment on the model to quantify the change in
measured velocity with respect to measurement time interval. Cross-section and current meter
locations for these tests can be seen in Figure 27 to Figure 30 in Section 3.5.1. The average
velocity and standard deviation (represented by error bars) were calculated and graphed in Figure
50. Reserve experienced the highest velocities on average, while HOP experienced the lowest.
The trend for velocity to decrease as locations near the Gulf of Mexico can partly be explained
by an increase in cross-sectional area as the outlet is approached which results in a decrease in
average cross-sectional velocity. This trend could also potentially be a result of the backwater
effect from the Gulf of Mexico (Section 2.1.2.).

Figure 50. Results from measurement time interval tests.
Shown is the measured velocity at Reserve (RM 136), Alliance (RM 62), Empire (RM 27), and
Head of Passes (RM 2). Error bars represent standard deviation in velocity. Lag times were
accounted for, thus the discharge at the headbox is assumed to also be the discharge at the
downstream location. Measurements were taken in the center of the channel at each cross-section
location except Empire where the measurements were taken in the center of the thalweg. These
locations within each cross-section can be seen in Figure 27 to Figure 30 in Section 3.5.1.
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The standard deviation in velocity was averaged across the entire range of discharge and
graphed according to location in Figure 51. Reserve experienced the largest average standard
deviation in velocity during the 2-second time interval but overall, the average standard
deviations were very small across all locations (on average less than 0.10 prototype ft/s). In
addition to this, the average standard deviations for each location and for each time interval were
very close.

Figure 51. Standard deviation in velocity averaged for the entire range of discharge.
Results are shown for Reserve (RM 136)), Alliance (RM 62), Empire (RM 27), and Head of
Passes (RM 2). Measurements were taken in the center of the channel at each cross-section
location except Empire where the measurements were taken in the center of the thalweg. These
locations within each cross-section can be seen in Figure 27 to Figure 30 in Section 3.5.1.

Percent differences for the range of discharge were averaged and graphed according to
location (Figure 52). Average percent difference was very small at all locations, with Alliance
experiencing the highest at 6% between the 2-second and 20-second time intervals. These results
indicate good reproducibility in velocity among all of the measurement time intervals.
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Figure 52. Percent differences from the time tests.
Shown are percent differences in velocity between “2-Second”, “10-Second”, and “20-Second”
measurement time intervals averaged across the entire range of discharge at Reserve (RM 136)),
Alliance (RM 62), Empire (RM 27), and Head of Passes (RM 2). Measurements were taken in
the center of the channel at each cross-section location except Empire where the measurements
were taken in the center of the thalweg. These locations within each cross-section can be seen in
Figure 27 to Figure 30 in Section 3.5.1.

Results from the t-Test analysis are displayed in Table 4. These were performed in Excel
using the “two-sample assuming equal variances” t-Test with an alpha of 0.05. If the two-tail Pvalue was less than alpha, the difference in mean velocity was deemed significant. These results
indicate that there was no significant difference in measured velocity between any of the time
intervals that were tested.

Table 4. Two-tail P-values from the t-Test analysis at the time test results

Overall, these results are a testament to how accurate the current meter and current meter
counter are. It is important to note that this test was performed to determine the sensitivity of the
current meter to measurement time interval under very controlled conditions (i.e., steady flow, no
sediment). It should be emphasized that changing the measurement time interval during an
61

unsteady-state hydrograph with sediment on the model would likely have an effect on the
measured velocity due to the constantly changing discharge and bed elevations.

4.4.2. Sensitivity to depth
The current meter was tested without sediment on the model to quantify the variation in
measured velocity with respect to depth. Cross-sections and current meter locations for these
tests can be seen in Figure 31 to Figure 33 in Section 3.5.2. Figure 53 shows the average
measured velocities and standard deviations (represented by error bars). The standard deviations
are very small and thus are difficult to see in the figures. Average velocity from highest to lowest
ranged from Harvey Lock to Empire to WPALH, respectively. The velocity at Empire (RM 27)
was most likely higher than the velocity at WPALH (RM 46) because it has a smaller crosssectional area. The difference in average velocity between the “shallow” and “deep” locations
was minimal overall but did approach approximately 1 ft/s prototype at Empire during the
highest discharge. This difference in velocity remained fairly constant throughout the range of
discharges, which indicates a minimal effect on measured velocity between “shallow” and
“deep” locations from an increase in discharge.

Figure 53. Results from the depth tests.
Shown are results from Harvey Lock (RM 97), West Point A-La-Hache (RM 46), and Empire
(RM 27). Error bars represent standard deviation in velocity and are difficult to see in the figure
due to the values being very small. Lag times were accounted for, thus the discharge at the
headbox is assumed to also be the discharge at the downstream location. The “Shallow” and
“Deep” depths vary within each cross-section and can be seen in Figure 31 to Figure 33 in
Section 3.2.1. Measurements were taken at the center of the thalweg at each cross-section
location.
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The standard deviation in velocity was averaged for the range of discharges and graphed
according to location in Figure 54. There were very small standard deviations in the velocity
measurements overall, reaffirming the current meter’s ability to reliably measure velocity.
Harvey Lock experienced the highest standard deviation in velocity at ± 0.15 prototype ft/s
which is most likely a result of this location also experiencing the highest velocities on average.
The average standard deviations at each location were very close in value when compared to one
another.

Figure 54. Standard deviation in velocity averaged for the entire range of discharge.
Shown are results from Harvey Lock (RM 97), West Point A-La-Hache (RM 46), and Empire
(RM 27). The “Shallow” and “Deep” depths vary within each cross-section and can be seen in
Figure 31 to Figure 33 in Section 3.2.1. Measurements were taken at the center of the thalweg at
each cross-section location.

Figure 55 shows the percent difference in velocity between the “shallow” and “deep”
locations for each discharge. Because model velocities are very small, the discharge range of
400,000-500,000 prototype cfs did not always yield a velocity measurement due to the starting
velocity of the current meter (0.16 ft/s). Thus, this data was omitted at cross-sections where
measurements were not possible (WPALH and Empire). This is in contrast to the result of a
percent difference of zero which is indicated as such by data labels on the graph. The largest
percent difference of 10% occurred at Harvey Lock and Empire at a discharge range of 400-500
tcfs and 1,100-1,200 tcfs, respectively. Overall, percent differences were very low, indicating
good reproducibility of velocity measurements between the “shallow” and “deep” locations.
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Figure 55. Percent difference in velocity between “Shallow” and “Deep” locations.
Shown are results from Harvey Lock (RM 97), West Point A-La-Hache (RM 46), and Empire
(RM 27). Lag times were accounted for, thus the discharge at the headbox is assumed to also be
the discharge at the downstream location. The “Shallow” and “Deep” depths vary within each
cross-section and can be seen in Figure 31 to Figure 33 in Section 3.2.1. Measurements were
taken at the center of the thalweg at each cross-section location. Omitted data is due to having
too small of a velocity for an accurate measurement, whereas values of 0% difference are
indicated by the data label.

Percent difference was then averaged across the entire range of discharge to further look
into the variation in velocity with respect to depth according to each specific location and can be
seen in Figure 56. The average percent difference among all locations was very small with
Empire experiencing the highest average percent difference at 6%, and Harvey Lock and
WPALH at 4% and 1%, respectively. These results indicate that the average percent difference
between “shallow” and “deep” velocity measurements at each of the three cross-sections tested
was very close. None of the cross-sections appeared to have a big difference in velocity between
the two depths compared to the others.
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Figure 56. Percent difference in velocity between “Shallow” and “Deep” locations.
Percent differences were averaged across the entire range of discharge at Harvey Lock (RM 97),
West Point A-La-Hache (RM 46), and Empire (RM 27). The “Shallow” and “Deep” depths vary
within each cross-section and can be seen in Figure 31 to Figure 33 in Section 3.2.1.
Measurements were taken at the center of the thalweg at each cross-section location.

Results from the t-Test analysis are displayed in Table 5. The P-values from the t-Test
analysis indicate that there were no significant differences in velocity between the “shallow” and
“deep” locations at any of the cross-sections.

Table 5. Two-tail P-values from the t-Test analysis of the depth test results

From these results, it can be concluded that there was no significant variation in
measured velocity with respect to depth at any of the tested locations. This is most likely a result
of the proximity of the two depth locations (because there is very little room to move the current
meter up and down within a cross-section) as well as the uniform vertical velocity profile that is
characteristic of turbulent flows. The model is designed to be fully turbulent during typical flows
(> 300,000 cfs) for sediment transport. Therefore, there is little variation in velocity with respect
to depth until very close to the boundary. In the available depth that the current meter can move
vertically in before it gets too close to the bed, vertical velocity is fairly uniform. This is further
illustrated in Figure 18 where the velocity is fairly constant from the water surface until very
close to the bed. This also explains why the current meter measured a velocity very close to the
surface velocity on average.
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4.4.3. Sensitivity to location across the cross-section
The current meter was tested without sediment on the model to quantify the variation in
measured velocity with respect to location across the cross-section. Cross-sections and current
meter locations for these tests can be seen in Figure 34 to Figure 39 in Section 3.5.3. Figure 57
and Figure 58 show the average velocity and standard deviation (represented by error bars) from
upstream to downstream. The standard deviations were so small that they hardly appear on the
graph. Measured velocity typically decreased as locations neared the Gulf of Mexico, as
expected, due to discharge loss and the backwater effect. Greater variation in velocity can be
observed at locations such as Reserve, WPALH, and Venice.

Figure 57. Results from the horizontal tests at upstream locations.
Shown are results from Reserve (RM 136), Harvey Lock (RM 97), and Alliance (RM 62). Error
bars represent standard deviation in velocity and are difficult to see in this figure due to being
very small. Lag times were accounted for, thus the discharge at the headbox is assumed to also
be the discharge at the downstream location. The “West Bank”, “Center”, and “East Bank”
locations vary within each cross-section and can be seen in Figure 34 to Figure 39 in Section
3.5.3. Measurements were taken at the same depth at each cross-section location.
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Figure 58. Results from the horizontal tests at downstream locations.
Shown are results from West Point-A-La-Hache (RM 46), Venice (RM 13), and Head of Passes
(RM 2). Error bars represent standard deviation in velocity and are difficult to see in this figure
due to being very small. Lag times were accounted for, thus the discharge at the headbox is
assumed to also be the discharge at the downstream location. The “West Bank”, “Center”, and
“East Bank” locations vary within each cross-section and can be seen in Figure 34 to Figure 39
in Section 3.5.3. Measurements were taken at the same depth at each cross-section location.

Standard deviations were averaged across the range of discharges and graphed according
to location in Figure 59. These results indicate that Harvey Lock experienced the highest
standard deviation overall, while Reserve experienced the second highest. This is most likely a
result of these two locations experiencing the highest average velocities, and therefore also the
highest standard deviations in velocity. The largest standard deviations (0.18 prototype ft/s and
0.16 prototype ft/s both at Harvey Lock and 0.18 prototype ft/s at Reserve) occurred at the west
bank and center of the cross-sections which is most likely due to the smaller velocities at these
locations within the cross-sections. As velocity decreases, more fluctuation in velocity occurs.
Overall, the average standard deviation in velocity was below 0.1 prototype ft/s for all locations,
indicating good reproducibility of velocity measurements by the current meter.
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Figure 59. Standard deviation in velocity during the horizontal tests.
Standard deviations were averaged across the range of discharge at Reserve (RM 136), Harvey
Lock (RM 97), Alliance (RM 62), West Point-A-La-Hache (RM 46), Venice (RM 13), and Head
of Passes (RM 2). The “West Bank”, “Center”, and “East Bank” locations vary within each
cross-section and can be seen in Figure 34 to Figure 39 in Section 3.5.3. Measurements were
taken at the same depth at each cross-section location.

Percent difference in velocity between each combination of locations was averaged over
the range of discharge for each cross-section and can be seen in Figure 60. The highest average
percent difference occurred between the west bank and east bank at WPALH (28%), while
Venice and Reserve experienced the second and third highest average percent difference (27%
and 25%, respectively). For all locations, average percent difference was highest between the
west and east bank, second highest between the west bank and center, and smallest between the
east bank and center.
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Figure 60. Percent difference in velocity during the horizontal tests.
Percent differences between the “West Bank”, “Center”, and “East Bank” locations were
averaged across the entire range of discharge at Reserve (RM 136), Harvey Lock (RM 97),
Alliance (RM 62), West Point-A-La-Hache (RM 46), Venice (RM 13), and Head of Passes (RM
2). The “West Bank”, “Center”, and “East Bank” locations vary within each cross-section and
can be seen in Figure 34 to Figure 39 in Section 3.5.3. Measurements were taken at the same
depth at each cross-section location.

Results from the t-Test analysis are displayed in Table 6. These results indicate that there
was a significant difference in velocity between the west bank and east bank at Reserve,
WPALH, and Venice. In addition to this, there was a significant difference in velocity between
the west bank and center at WPALH and Venice. There were no significant differences in
velocity between the center and east bank for any of the tested locations.

Table 6. Two-tail P-values from the t-Test analysis of the horizontal test results

These results illustrate that there was a larger velocity gradient across the cross-section at
locations such as WPALH, Venice, and Reserve compared to others. This variation in velocity
was expected due to peak velocities moving from one side of the cross-section to the other based
on upstream bends and channel geometry (Section 2.3) (Figure 61 to Figure 66). Both Reserve
and Venice have a bend directly upstream of where the measurements were taken, which explains
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the observed variation in velocity at these locations. WPALH, in contrast, is in a fairly straight
segment of the channel, but has a wider cross-section than the other locations. Therefore, it is
likely that the greater variation in velocity at this location was due to the increase in width of the
cross-section. Because these tests were performed without the addition of sediment on the model,
any potential effects from the sediment bed can be eliminated. These results indicate that the
current meter should be located at the same spot (across the cross-section) for each measurement
during an experiment to reduce the variability in measured velocity.

Figure 61. Location for the velocity measurements near Reserve (RM 136).
Note the sharp river bend just upstream which is expected to affect the velocity distribution
across the cross-section at Reserve. Results indicate a significant difference in velocity between
the west bank (bottom) and east bank (top).
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Figure 62. Location for the velocity measurements near Harvey Lock (RM 97).
Note the sharp river bend just upstream. In contrast to Reserve, results did not indicate a
significant difference in velocity between the west bank (bottom) and east bank (top).

Figure 63. Location for the velocity measurements near Alliance (RM 62).
This location is in a relatively straight segment of the channel. Results indicated no significant
differences in velocity across the cross-section.
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Figure 64. Location for the velocity measurements near West Point A-La-Hache (RM 46).
This location is in a relatively straight segment of the channel. Results indicated significant
differences between the west bank (bottom) and east bank (top) as well as significant differences
between the west bank and center of the cross-section.

Figure 65. Location for velocity measurements near Venice (RM 13).
Note the river bend just upstream of the location. Results indicated significant differences
between the west bank (bottom) and east bank (top) as well as significant differences between
the west bank and center of the cross-section.
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Figure 66. Location for velocity measurements near Head of Passes (RM 2).
This location is in a relatively straight segment of the channel. Results indicated no significant
differences in velocity across the cross-section.

4.5. Fifty-Year Mid Barataria Experiment
4.5.1. Measured velocity
Velocity was measured throughout the 50 Year Mid Barataria Experiment with sediment
on the model to evaluate the current meter’s ability to reproduce velocity measurements during a
typical experiment on the LMRPM. Cross-sections and current meter locations can be seen in
Section 3.6. Measured velocities and standard deviations (represented by error bars) are
presented in Figure 67 and Figure 68. Results indicate a positive relationship between velocity
and discharge, as expected (as discharge increases, velocity increases). In general, velocity
decreased from upstream to downstream which, as previously mentioned, is a result of smaller
discharges downstream due to losses through overbank flow and cuts in the bank. This is also
likely a result of the backwater effect from the Gulf of Mexico (as cross-sectional area increases
due to the increase in stage, velocity decreases).
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Figure 67. Results from the 50 Year Mid Barataria Experiment at upstream locations.
Shown are results from Reserve (RM 136), Harvey Lock (RM 97), Alliance (RM 62), West
Point-A-La-Hache (RM 46), Port Sulphur (RM 38), and Empire (RM 27). Measurements were
grouped according to the headbox discharge and sea level at the time of the measurement.
Standard deviation is indicated by error bars. Cross-sections and current meter locations are
described in Section 3.6.
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Figure 68. Results from the 50 Year Mid Barataria Experiment at downstream locations.
Shown are results from Fort Saint Philip (RM 21), Venice (RM 13), Downstream of Venice (RM
7), West Bay (RM 4.5), and Head of Passes (RM 2). Measurements were grouped according to
the headbox discharge and sea level at the time of the measurement. Standard deviation is
indicated by error bars. Cross-sections and current meter locations are described in Section 3.6.

The standard deviation in velocity was averaged across the range of discharges for each
location and graphed in Figure 69. Standard deviation in velocity also tended to decrease from
upstream to downstream which was both a result of the upstream cross-sections having higher
average velocities as well as a result of upstream cross-sections experiencing larger ranges in
velocity compared to downstream cross-sections. The largest standard deviation (~0.9 ft/s
prototype) occurred at Alliance, while the smallest (~0.3 ft/s prototype) occurred at Head of
Passes. The average standard deviation across all locations was approximately 0.6 ft/s prototype.
It should be noted that velocity is first measured on the model and then converted to prototype
units by multiplying by a factor of 20 (Equation 2.4). Although the relationships do not change
(e.g., percent difference between measured velocity and surface velocity), parameters such as
standard deviations can appear small before converting them to prototype units where the
differences become quite large (close to 1 ft/s prototype).
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Figure 69. Average standard deviation in velocity measurements.
Shown are results from the 50 Year Mid Barataria Experiment at Reserve (RM 136), Harvey
Lock (RM 97), Alliance (RM 62), West Point-A-La-Hache (RM 46), Port Sulphur (RM 38),
Empire (RM 27), Fort Saint Philip (RM 21), Venice (RM 13), Downstream of Venice (RM 7),
West Bay (RM 4.5), and Head of Passes (RM 2).

This observed variation in measured velocity could potentially be a result of a few
different things. First, there are greater velocity fluctuations in the vertical direction on a highly
distorted model (Section 2.2.6) which could have impacted the velocity measurements. However,
it should be noted that the reproducibility of velocity measurements was good as long as they
were taken within a relatively short time frame of each other (within the same flow year); thus,
while the velocity fluctuations could have played a part in the overall variation in velocity, it is
unlikely that they contributed significantly.
Second, the reference used for velocity measurements in the analysis could have
increased the variation in velocity seen in these results. The headbox discharge was used because
it is currently the only point on the model where the discharge is known (the lagged discharge
could not be used because there are many points along the channel where unknown quantities of
discharge are lost). The issue with this method results from the increase in lag time as locations
near the Gulf of Mexico. Because historical hydrographs (unsteady state) are used on the model,
the discharge is constantly changing. If the measurement is taken right when the headbox
changes, for example, the discharge at the cross-section is not equal to the discharge at the
headbox (to which the measurement is being compared), and the chances of the downstream
discharge being different than the headbox at the time of the measurement increases as the lag
time increases. It is possible that this played a role in the observed variation in velocity; however,
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it is unlikely that this was a major contributing factor because there was no observed increase in
standard deviation as locations neared the Gulf of Mexico.
The third potential cause for such a large range in observed velocity is the change in
cross-sectional area. Sediment is almost constantly moving throughout each run, changing the
bed elevation and therefore the cross-sectional area. Because average velocity has an inverse
relationship to cross-sectional area (Q = VA), even if the discharge was the same, if the area was
different at the time of the measurement, then the velocity would have been impacted. Thus, the
change in cross-sectional area throughout the experiment likely affected the velocity
measurements, resulting in a range of velocities for the same headbox discharge.
The last potential impact on velocity, the sediment bed upstream of the cross-section, was
the most difficult one to quantify. Just upstream of the current meter, dunes determined the
direction of flow acceleration. The best evidence for this was observational and most obvious
during low flows. For example, during one year at a specific headbox discharge, the current
meter would record a velocity measurement in the center of the thalweg. Then, during another
year at the same headbox discharge, the velocity would be so slow in the same location (because
water was flowing mostly to one side of the cross-section due to a dune upstream) that a
measurement was not possible. Some evidence of this can be seen in the following section
(Figure 70) where the variation in velocity decreased as headbox discharge increased. It is
expected that at low flows the bed is fairly stationary and it affects the point velocity more
compared to high flows when the bed is mobile and there are fewer dunes affecting the flow
path. These four factors combined likely contributed to the overall variation in velocity for a
specific headbox discharge observed during the 50 Year Mid Barataria Experiment.

4.5.2. Measured velocity vs theoretical average velocity
In order to better understand the velocity that was being measured, the theoretical average
velocity was calculated and compared to velocity measurements taken during the 50 Year Mid
Barataria Experiment. Average velocity was calculated with the headbox discharge and crosssectional area at the time of the point velocity measurement for a range of discharges. Measured
velocities and calculated average velocities can be seen in Figure 70. Because lag times were not
accounted for, these are only approximate average velocities. Because the headbox discharge was
used, only locations upstream of where the channel begins to lose discharge were used (Harvey
Lock and Alliance data shown in Figure 70 was collected when Bonnet Carré was closed).
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Figure 70. The measured velocity compared to the calculated average velocity.
Shown are results from Reserve (RM 136), Harvey Lock (RM 97), and Alliance (RM 62) during
the 50 Year Mid Barataria Experiment. Average velocity was calculated from the headbox
discharge and cross-sectional area at the time of the point velocity measurement.

These results indicate that point velocity measurements were typically much higher than
the theoretical average velocities. This result correlates with the surface velocity tests that
showed that the current meter typically measures velocity very close to the surface velocity.
These results also show that measured velocities at Reserve and Harvey Lock displayed similar
trends while measured velocities at Alliance displayed much greater variation with respect to a
single headbox discharge and differed from velocities at Reserve and Harvey Lock in that
sometimes they were higher than the average velocity and sometimes they were lower. This
indicates that the relationship between measured velocity and average cross-sectional velocity
can change depending on the cross-section.
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4.5.3. Recorded stage
River stage during the time of the velocity measurements was evaluated due to its role in
cross-sectional area calculations and therefore its effect on calculated discharge (Q = VA). Stages
were graphed according to headbox discharge in Figure 71 and Figure 72. Results show a
positive relationship between stage and headbox discharge for the majority of upstream locations
as expected (as discharge increases, stage increases) (Figure 71). The effect of headbox discharge
on stage became drastically smaller downstream of WPALH and was practically nonexistent
downstream of Fort St. Philip (i.e., stage was independent of discharge at these locations). The
highest stages were observed at Reserve and decreased as the locations neared the outlet where
the water surface in the river achieved equilibrium with the water surface of the Gulf of Mexico.

Figure 71. Stage measurements recorded at the time of the velocity measurements upstream.
Shown are results from the 50 Year Mid Barataria Experiment at Reserve (RM 136), Harvey
Lock (RM 97), Alliance (RM 62), West Point A-La-Hache (RM 46), Port Sulphur (RM 38), and
Empire (RM 27). Velocity measurements (and thus also stage) were grouped according to
headbox discharge and sea level at the time of measurement. Standard deviation in stage is
represented by the error bars. Results are according to NAVD88.
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Figure 72. Stage measurements recorded at the time of the velocity measurements downstream.
Shown are results from the 50 Year Mid Barataria Experiment at Fort Saint Philip (RM 21),
Venice (RM 13), Downstream of Venice (RM 7), West Bay (RM 4.5), and Head of Passes (RM
2). Velocity measurements (and thus also stage) were grouped according to headbox discharge
and sea level at the time of measurement. Standard deviation in stage is represented by the error
bars. Results are according to NAVD88.

The average standard deviation in stage with respect to location was graphed to illustrate
the variation in stage at each cross-section (Figure 73). Standard deviation in stage was also
highest at Reserve (1.5 ft prototype) and decreased as the locations approached the Gulf of
Mexico. Standard deviation in stage stayed fairly consistent downstream of Port Sulphur with an
average of approximately 0.3 ft prototype. The average standard deviation in stage at all tested
cross-sections throughout the channel was approximately 0.6 ft prototype.
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Figure 73. Average standard deviation in stage.
Results are displayed according to location of the velocity measurements at Reserve (RM 136),
Harvey Lock (RM 97), Alliance (RM 62), West Point A-La-Hache (RM 46), Port Sulphur (RM
38), Empire (RM 27), Fort Saint Philip (RM 21), Venice (RM 13), Downstream of Venice (RM
7), West Bay (RM 4.5), and Head of Passes (RM 2). Results are according to NAVD88.

The observed decrease in stage as well as standard deviation in stage as locations neared
the outlet was expected for a number of reasons. As previously mentioned, stage is expected to
decrease as the river’s water surface achieves equilibrium with the Gulf of Mexico. Downstream
cross-sections become much shallower and wider and downstream of WPALH, there are many
locations that experience overbank flow and discharge loss through natural and manmade cuts in
the bank. The Gulf of Mexico causes a backwater effect so even though discharge increases,
stage remains fairly constant as water escapes the channel through these many exits. Hysteresis
also most likely played a role in the deviation in recorded stage because the timing of the rising
and falling limb of the hydrograph during measurements was not accounted for. In other words,
stage is expected to be higher during the rising limb of the hydrograph and lower during the
falling limb, thus this most likely impacted the standard deviation in stage for a single headbox
discharge.

4.5.4. Calculated discharge
Discharge was calculated from the measured velocity and calculated cross-sectional area
using the continuity equation, and therefore the deviations are a result of the deviations in
velocity and stage presented in the figures above. These discharge calculations can be seen in
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Figure 74 and Figure 75. This calculated discharge, or downstream discharge, represents the
discharge at the cross-section when the velocity measurement took place and should not be
confused with the headbox discharge where water is pumped onto the model. Results indicate a
positive relationship between calculated discharge and headbox discharge, as expected.
Discharge generally decreased as the locations approached the Gulf of Mexico, which is a result
of discharge loss through overbank flow and distributaries. The largest average standard
deviation in calculated discharge occurred at Alliance (~ 166,000 cfs prototype) and the smallest
occurred at Head of Passes (~36,000 cfs prototype).

Figure 74. Upstream discharge calculations from the 50 Year Mid Barataria Experiment.
Shown are results from Reserve (RM 136), Harvey Lock (RM 97), Alliance (RM 62), West Point
A-La-Hache (RM 46), Port Sulphur (RM 38), and Empire (RM 27). Discharge was calculated
with the point velocity and cross-sectional area using the continuity equation. Standard deviation
is represented by error bars. Note: the calculated discharge is much higher than the headbox
discharge because the point velocity was used instead of the average velocity.
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Figure 75. Downstream discharge calculations from the 50 Year Mid Barataria Experiment.
Shown are results from Fort Saint Philip (RM 21), Venice (RM 13), Downstream of Venice (RM
7), West Bay (RM 4.5), and Head of Passes (RM 2). Discharge was calculated with velocity and
cross-sectional area using the continuity equation. Standard deviation is represented by error
bars.

Standard deviation in calculated discharge was averaged over the range of headbox flows
and graphed with respect to location in Figure 76. The average standard deviation in discharge
across all locations was approximately 100,000 cfs prototype. The calculated downstream
discharge was often significantly higher than the headbox discharge, which is not physically
possible and indicative of error in the methods used for the calculations.
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Figure 76. Average standard deviation in calculated discharge.
Shown are results from the 50 Year Mid Barataria Experiment at Reserve (RM 136), Harvey
Lock (RM 97), Alliance (RM 62), West Point A-La-Hache (RM 46), Port Sulphur (RM 38),
Empire (RM 27), Fort Saint Philip (RM 21), Venice (RM 13), Downstream of Venice (RM 7),
West Bay (RM 4.5), and Head of Passes (RM 2).

The difference between measured velocity and average velocity (Figure 70) helps explain
this discrepancy between calculated discharge and headbox discharge. Because the measured
velocity was substituted for the average cross-sectional velocity in the continuity equation, the
resultant discharges were much higher than expected. One solution to this, as previously
mentioned, is to develop a relationship between the measured velocity and average velocity.
Then, the measured velocity can be used to determine the average velocity which can then be
used in the continuity equation. However, in order to do this, a relationship needs to be
developed for each cross-section because as seen in Figure 70, the relationship between
measured velocity and average velocity does not stay consistent throughout the channel and
instead changes depending on the location. In addition to this, it is expected that error was also
introduced through the calculated cross-sectional area. Cross-sectional area calculations were
only approximate and neither accounted for the “cuts” in the model cross-sections nor the change
in bed elevations throughout the experiment, and thus likely contributed to the error in discharge
calculations.
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CHAPTER 5. CONCLUSION
The OSS-PC1 miniature current meter was tested for its ability to measure velocity on the
Lower Mississippi River Physical Model with the goal of using these measurements to calculate
model discharges. The current meter was initially tested in a flume to ensure its ability to
measure accurate velocities. Next, ultraviolet dye tests were conducted on the model to examine
any potential flow separation in the channel caused by the current meter. Particle velocity tests
were performed to compare current meter velocities to surface velocities. Then, a series of tests
were conducted without sediment on the model to determine the best measurement time interval
and to quantify the variation in velocity with respect to depth and location across the crosssection. Next, measurements were made during the 50 Year Mid Barataria Experiment with
sediment on the model to evaluate the current meter’s performance during a typical experiment
on the LMRPM. These velocity measurements along with calculated cross-sectional areas were
used in the continuity equation to calculate model discharges. Then, the variation in velocity and
calculated discharge were quantified with respect to headbox discharge. Finally, the current
meter measurements were compared to calculated average cross-sectional velocities.
The results from the flume tests at ERDC verified that the current meter was measuring
accurate velocities. The ultraviolet dye tests confirmed that no obvious flow separation was
caused by the current meter. The experiments showed that during a range of steady discharges
without sediment on the model the measured velocity did not change significantly with respect to
measurement time interval or depth within the cross-section, but only when the current meter
was moved across the cross-section. This variation in velocity with respect to location across the
cross-section was expected due to upstream bends in the channel and differences in crosssectional geometries. Particle velocity tests, both with and without sediment on the model,
indicated that the current meter velocity was typically very close to the surface velocity.
The lack of variation in measured velocity with respect to depth can mostly be attributed
to the proximity of the two depth locations due to limited space within the cross-section for
moving the current meter vertically. To avoid disturbing the bed, measurements were made just
below the water surface and at about half of the water depth, thus velocities close to the bottom
of the channel were not captured. This result as well as the proximity of velocity measurements
to surface velocities can also be explained by the fairly uniform vertical velocity profile of
turbulent flows and the uniformity of horizontal velocities from the water surface until very close
to the bed in a highly distorted model (Figure 18). This means there is very little change in
velocity with respect to depth until very close to the boundary where a sharp decrease in velocity
then occurs.
Velocity was measured throughout the 50 Year Mid Barataria Experiment with sediment
on the model to test the current meter during a typical experiment on the LMRPM. Results
showed large standard deviations in measured velocity (± 0.6 ft/s prototype averaged across the
tested locations) for a specific headbox discharge throughout the channel. This observed
variation in measured velocity could potentially be a result of a few different things: 1) The
model distortion caused greater velocity fluctuations in the vertical direction where the current
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meter was placed, 2) Using the headbox discharge as a reference for velocity measurements was
not a reliable method due to lag times, 3) The change in cross-sectional area throughout the
experiment affected the measured velocities, and 4) The sediment bed upstream which changed
from year to year determined the direction of flow acceleration through the cross-section.
Average velocities were calculated from the headbox discharge and cross-sectional area
at the same time that the current meter velocity measurements were made during the 50 Year Mid
Barataria Experiment. Results showed that the current meter velocity was typically much higher
than the theoretical average velocity. This result was not surprising, since previous tests showed
that the current meter velocity was on average very close to the surface velocity. The large
difference between the measured velocity and the theoretical average velocity indicates that the
velocity at the boundaries must be much smaller than velocities elsewhere in the cross-section
which could be due to the high boundary roughness of the model. These results also indicate that
the relationship between measured velocity and average velocity changed with respect to the
particular cross-section. At locations like Reserve and Harvey Lock, the relationships between
measured velocity and average cross-sectional velocity were similar. In contrast, at Alliance the
relationship between measured velocity and average cross-sectional velocity was very different
than those observed at Reserve and Harvey Lock.
Calculated downstream discharges for a specific headbox flow resulted in large standard
deviations (± 100,000 cfs prototype when averaged across all locations). Because the crosssectional area calculations only changed with respect to stage (which made up a very small part
of the total cross-sectional area), most of this variation can be explained by the variation in
velocity described above. In addition to this large range in discharge for a single headbox flow,
calculated discharges were also typically much higher than the headbox discharge which does
not physically make sense. Without the addition of more water, downstream discharge should not
increase. These high calculated discharges can be explained by the substitution of the current
meter velocity for the average cross-sectional velocity in the continuity equation. Because the
current meter velocity was typically much higher than the average velocity, the resultant
calculated discharge was higher than expected. As long as the same method is used for obtaining
the velocity at each cross-section, it is not necessary to obtain the average velocity for calculating
discharge, but it does make comparing calculated model discharges to prototype discharges
inaccurate. One solution to this, as previously mentioned, is to use a predetermined relationship
between measured velocity and average velocity at each cross-section to find the average
velocity from the current meter measurement which can then be used in the discharge
calculations. This will provide calculated discharges that can be converted to prototype scale and
then compared to prototype discharges, but more importantly it will ensure that the method used
to calculate discharge at each site is the same, making it valid to compare discharges from one
site to another. It is important to point out that there will still be a significant variation in the
calculated discharge because the variation in measured velocity will translate to a variation in
average velocity.
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In conclusion, large deviations in measured velocity for the same headbox flow were
observed during the experiments involving sediment transport on the model. Most of this
variation was caused by changes in cross-sectional area due to changes in the sediment bed
throughout the experiment. These large deviations in measured velocity resulted in significant
differences in calculated discharge. Due to the large variability in calculated discharge, the
methods used in this thesis research need to be improved before the current meter can be used to
study processes like discharge loss through overbank flow. For example, Bohemia Spillway only
exceeds 50,000 cfs about once a decade, which is half of the observed average standard deviation
in calculated discharge during the 50 Year Mid Barataria Experiment. Therefore, the application
of the current meter using the methods implemented in this thesis is very limited for typical
experiments involving sediment transport on the model.
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CHAPTER 6. RECOMMENDATIONS
This research resulted in a couple of recommendations for moving forward. First, the
proximity of measured point velocity to surface velocity means that the current meter could
potentially be used to quickly measure surface velocity on the model. However, more extensive
testing is required to verify that the current meter consistently measures velocity approximately
equal to the surface velocity throughout the entire channel and not just at the tested locations. If
this is the case, the current meter could be used to develop a relationship between surface
velocity (and thus also measured velocity) and average velocity for each cross-section. Then, the
average velocity could easily be found from the measured velocity and used to calculate
discharge. These calculated discharges could then be compared among all of the cross-section
locations. Furthermore, if the average velocity is used, these calculated discharges could then be
converted to prototype scale and directly compared to prototype discharges.
Second, in order to potentially reduce the variation in velocity measurements, measurements
should be taken within a shorter time frame and should be referenced to something other than the
headbox discharge. Because the variation in measured velocity only occurred between different
flow years, one way to reduce this deviation in velocity is to add another current meter. With two
current meters, velocity at two different locations could be measured at the same time. Assuming
the relationship between measured velocity and average velocity had already been determined,
discharge could be calculated and directly compared between the two locations. Instead of
comparing the velocity to the discharge at the headbox, the velocity could then be compared to
the velocity being measured just upstream. Not only would this provide a better reference than
the headbox discharge, but, more importantly, it would also likely eliminate the large variability
in measured velocity providing much more accurate discharge measurements.
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